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3-OXIMINOMETHYLSALiCYLIC ACID AS AN ANALYTICAL REAGENT. 
PART I. GRAVIMETRIC ESTIMATION OF COPPER AND NICKEL 


By Asir Kumar RAy AND PRIYADARANJAN RAy* 


The reactions of 3-oximinomethylsalicylic acid with metallic ions have been fully investigated. 
It has been found that this reagent behaves very much like salicylaldoxime with respect to 
colour, solubility, etc. of its metallic derivatives ; but the PH values of incipient precipitation 
of the m2tillic ions are somewhat different from those found with salicylaldoxime. Like  sali- 
cylaldoxime this reagent has also been found to produce an orange-yellow precipitat- with 
titanium in acid s,lution, though Flagg and Farman (/sd. Eng. Chem., Anal. Ed., 1949, 12, 520, 
653) did not notice this characteristic reaction of salicylaldoxime. 

Fe™tand Uv! yield soluble coloured complexes in acid and alkaline medium respectively. The 
use of 3-0ximinomethylsalicylic acid as a reagent for the gravimetric estimition of copper and 
nickel, which furnish precipitates of composition (M=Cu"™ or Ni"), after drying at 
110°, has been described. Copper can be effectively separated from Hg", Pb™ Al™t, Cdtt, Znt, 
Mou and Cot by precipitating it with an excess of 3-oximinomethylsalicylic acid at pH 2.5 to 3.0 ; 
while for its separation from Fe'', Sb and Bit, the precipitation had to be carried out in the 
presence of sufficient tartaric acid at .pH 2.5 to 3.0- Determination of copper has als> been made 
from solutions coutaining arsenite, arsenate, vanadate and phosphate at pH 25 to3.0. Nickel has 
be2a estimate 1 gravimetrically with this reagent at a controlled pH (5.6-6.0) 


The reactions of 3-oximinomethylsalicylic acid with various metallic ions have 
een fully investigated in an effort to find out the possibility of using this substance 
as an analytical reagent. 3-Oximinomethylsalicylic acid, like salicylhydroxamic acid, 
salicylaldoxime, salicylamidoxime and ortho-hydroxyacetophenone oxime, contains the 


copper specific group, Se as is evident from their structures shown 
below: 


OH 
H OH 


— be NOH C=NOH 
ry 


WYN WN 


OH OH OH 
Salicylaldoxime Salicylhydroxamic acid. Salicylamidoxime. 
cH, 
C=NOH C=NOH 
OH | = 
COOH 
0-Hydroxyacetophenone oxime. 3 Oximinomethylsalicylic acid. 


* Present address: 50/1, Hindusthan Park, Calcutta-29. 
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Salicylaldoxime was first employed by Ephraim (Ber., 1930, 68, 1928; 1931, 
64, 1210) for the detection and gravimetric determination of copper. Later on F lage 
and Furman (loc. cit.) studied the reactions of this reagent, as also of its 5-chloro, 
3:5 dibromo and 5-nitro derivatives, with various metallic ions. Since then several 
reports have appeared on the use of salicylaldoxime for the separation and deter. 
mination of metals. 

The anaiytical reactions and applications of salicylhydroxamic acid (Bhaduri ang 
Ray, Scien:e & Culture, 1952, 18, 97; Z. anal. Chem., 1957, 184, 103),  silicyl. 
amidoxime (Bandyopadhayay and Ray, this Journal, 1956, 38, 65), resacetoplienone 
oxime (Neelakantan, Curr. Sci., 1945, 14, 320) and of o-hydroxyacetophenone oxime 
(Poddar, 7. anal. Chem., 1957, 264, 327) for the estimation of copper and nickel 
jrave only been recently studied. It might thcrefore be of interest to investigate 
the reactions of 3-oximiniomethylsalicylic acid as well, as it is closely related to 
them. It may be regarded as derived from silicylaldoxime by the replacement of 
a H atom of its benzene tiucleus, in the oriho position to hydroxyl, bya carboxyl 
group. The result of this investigation will naturally show the influence of such a 
substitution in the benzene ring of the salicylaldoxime molecule. It was further ex- 
pected that the presence of three functional groups in the molecule of 3-oximinomethyl- 
salicylic acid in positions favourable for chelation might also offer some practical 
advantage over the other reagents of the group. 


An account of the general reactions of 3-oximinomethylsalicylic acid with 
various metallic ions is recorded in the following section. When compared with the 
reactions of salicylaldoxime (cf. Flagg and Fur na‘, loc. cit.), it will be found that 
the 3-oximinomethylsalicylic acid resembies salicylaldoxime, in its general behaviour, 
with respect to colour, so!ubility, etc, of its metallic: derivatives, but the pH values of 
incipient precipitation of metals with th’s reagent are somewhat lower. Although 
Flagg and Furman (loc. cit.) do not rep rt any reaction of titanium (IVj with salicyl- 
aldoxime, it has been found, however, that salicylaldoxime (Banerjea, 
anal. Chem., 1957, 159, 123), salicylimidoxi:n> (Bandyopalhayay and Ray, loc. cil.), 
o-hydroxyacetophenone oxime (Poldar, loc. cit.), salicylhydroxamic acid (Xavier, 
Charkaburtty and Ray, Science & Culture, 1951, 20, 146) and 3-9ximino:nethy’ salicylic 
acid, all form yeilow coloured precipitates with Ti'’ in acid solution. ‘These are 
insoluble in chlorofo’m and amyl’ alcohol. 


3-Oximinomethylsalicylic acid is considerably m>re stable tian salicylaldoxime 
and consequently, precipitations of metallic ions by this reagent can be carried out in 
hot solutions, and the precipitates safely washed with hot water. It is also highly 
soluble in caustic alkalies due to salt formation. ‘The aqueous solution of | the 
reagent as well as that of its alkali salts keeps quite well, at least for several weeks at 
room tempera‘ure. 

Cu" and Ni" conpounds of 3-oximinonethylsalicylic acid were prepared as usual 
by precipitation and dried at r1o°; their comp:sition corresponds to (C,H,O,N).M 
(where M=Cu"™ or Ni"). From the known constitution of the metal salicylaldoxime 
compounds (Feigl and Bo:di, Per., 1031, 64, 2814; Cox ef al, J. Chem. Soc, 
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1935, 459, 1475) and from the similarity in properties of the metal complexes of 
these two reagents, the 3-oximino.nethylsalicylic acid metal complexes may _ be 
represented by the following structure : 


HON=C 


H 

The copper and nickel complexes are readily soluble in caustic alkali and 
ammoniacal solutions. ‘The solubility of these compounds may be due to salt formation 
either by the free carboxyl group and/or by the =NOH group as in the case of 
salicylaldoxime complexes (cf. Feigl and Suter, J. Chem. Soc., 1948, 378; Thilo 
and riedrich, Ber., 1929, 62, 2998). 

U™ produces yellow to orange-red colour with excess of this reagent in alkaline 
solutions. Fe" develops a violet coloration in acid and a yellow coloration in alkaline 
medium, These colour reactions have been utilised for their spectrophotometric 
estimation. 

EXPERIMENTAL 

3-Oximinumethylsalicylic acid (Furth, Ber., 1883, 16, 2182) was prepared from 
3-aldeliydosalicylic acid. The latter was prepared from salicylic acid and hexametliylene- 
tetramine, as described by Duff and Bilis (J. Chem. Soc., 1932, 1987). 

Preparation of 3-Aldehydosalicylic Acid.—S licylic acid (40 g.), hexamethylene- 
tetramine {27 g.) and ‘water (300 c.c.) were boiled under reflux for 16 hours; the 
coled solution was acidified with 4N-HCI (300 c.c.) and the yellow precipitate dried 
inair. ‘This was extracted with four lots of benzene (100 ¢c.c.) at 70°. The insoluble 
portion, when recrystallised from boiling water and decolorised with charcoal, yielded 
the 5-aldehydosalicylic acid. ‘The benzene solution was evaporated and the residue 
just dissolved in 3N ammonia (200 c.c.). The solution was then treated with barium 
chicride (100 ¢.c., 10% solution) and 2N-NaOH (so c.c.) at 50°. After 2 hours, the 
yellow precipitate of barium 3-aldehydosalicylate was collected and decomposed in 
the cold with HCl ( il., 1:4). The 3-aldehydosalicylic acid, thus liberated, was washed 
with cold water and then recrystallised from boiling water in the presence of iron- 
free charcoal, m.p. 179° (lit. 179°). The identity of 3-aldehydosalicylic acid was 
confirmed by the aldehyde reactions and by its melting point, as well as by that of its 
phenylhydrazone, m.p. 188° (lit. 188°). 

Preparation of 3. Oximinomethylsalicylic Acid.—A mixture of 3-aldehydosalicylic 
acid (x M), hydroxylamine hydrochloride (1 M) and NaOH (1.5 M) in water (100 c.c.) 
was slightly warmed at 40° for 24 hours. The clear solution was then cooled and 
acidified with cold dilute sulphuric acid (1:4 by vol.), when 3-oximinomethylsalicylic 
acid separated in the form of colorless crystals. ‘This was washed with cold water 
and recrystallised from warm water containing some iron-free charcoal. The product 
was dried in air ; m.p. 193° (lit. 193°). 
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The acid is soluble in alcohol, ether, benzene, chloroform, «tc. It is also fairly 
soluble in cold and highly soluble in hot water. In aqueous solution it remains 
unchanged even on boiling. 


Determination of the pH limits for the Precipitation of Metals.—The pH values for 
the incipient and complete precipitation of metals by this reagent were de‘ermine | 
by gradually acding a standard solution of alkali (~1 N-NaOH) with stirring to 
200 c.c. of a o.c01N solution of the metal, acidified strongly with a mineral acid 
and containing an excess (25%) of 3-oximinomethylsalicylic acid till a turbidity just 
appeared. The pH of the solution at this point, as deternined by a Cambridge 
Bench Type pH meter, indicated the pH va'ue for the incipient precipitation of the 
metal under the prescribed conditions. The dropwise addition of alkali was continued 
and the pH of the solution measured after each addition till the filtrate of an 
aliquot of the solution under titration, removed at intervals, gave no test for the 
metal ion with suitable sensitive reagent. Copper was tested for by rubeanic acid, 
nickel and palladium by dimethylglyoxime, uran’um by potassium ferrocyanide, etc. 
The lowest pH value for the filtrate, giving no test for the metal concerned, 
represented the lowermost pH-limit of conplete precipitation for the me2tal under 
the conditicns stated. Table I records thes: pH limits as w2'l as the general reac- 
tions of 3-oximinomethylsalicylic acid with various metallic ions. 


Copper-3-oximinomethylsalicylic Acid.—A warm solution of copper chloride (G..}, 
acidified with HCl (G.R.}, was treated with a little over twice the molar proportion 
of the pure 3-oximinomethylsalicylic acid, dissolved in water containing a few c.>. 
of absolute alcohol, and to this mixture dilute alkali was gradually added to adjust the 
pH value of the solution to about 2.5 to 3.0 (tested with B.D.H. indicator paper). 
‘The mixture was set aside on the water-bath for about ro minutes, after which a light 
yellowish green precipitate of the copper compound was filtered. The precipitate 
was then thoroughly washed with hot water, first by decantation, then on the 
filter-bed till free of the reagen’ (tested with ferric ch'oride for violet coloration) and 
finally dried to.a constant weight at 110°. [Found: N, 6.63; Cu, 15.07. Cale. 
for Cu(C,H,O,N).: N, 6.61; Cu, 15.01%]. 


The copper compound is insoluble in water, but soluble in strong acids, catistic 
alkalies and in ammonia. It is insoluble in organic solvents.. The substance is some- 
what soluble in hot concentrated solution of sodium acetate and of ammoniuin chloride. 


Nickel (II)-3-oximinomethylsalicylic Acid.—A warm ac‘difie! solution of nickel 
chloride (G.R.) was treated with a little more than twice its molar proportion of the 
pure 3-oximinomethylsalicylic acid, dissolved in aqueous alcohol, and to th’'s 
mixture dilute ammonia was ‘added dropwise to adjust the pH of the solution near 
about 6.0 (tested by B.D.H. indicater paper). The mixture was kept on the water-bath 
for about ro to 15 minutes and then the precipitated nickel compound was filtered, washed 
thoroughly with hot water containing a little alcohol, and finally dried for one hour 
to a constant weight'at 110°. [Found: N, 5.38; Ni, 14.02. Calc. for Ni(C,H,O,N),: 


N, 5.31; Ni, 14.03%]. 
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TArLe | 


Reactions of 3-oximinomethylsalicylic acid with metallic ions. 


- 


Nature of 
reaction. 


Pale yellow 
precipitation in 
neutral solution. 


Pale vellow ppt 


White ppt. 


Light yellowish 
green ppt. 


Light green ppt. 


Light vellow ppt. 


Violet colour below pH 

2.9; orange-red at PH :.96 to 
6.72 ; vellow at pH 7 to 10.12. 
Yellowish white ppt. 

White ppt. 


Deep brown coloured ppt. 
in conc. soln. 


Brown ppt 


Orange red soln. at pH 6.7; 
deep orange-vellow soln at 
PH 7.5 to 11. 


Pale vellow ppt. 
Faint yellow colour in 
strong sulphuric acid; decp 


yellow ppt. at PH 2.0. 


Dirty green ppt. in cone. 
vanadate soln. at PH 1 tv 2 


Faint vellow colour in acid 
soln. 


Pale yellow ppt. 


White ppt. 


PH of incipient pptn. in 0.001M 
soln. of the metallic jon. 


6.5 


6.0 


Remarks. 


Solub'e in ammonia and acetic aeid : 
decomposed ‘by alkall on warming. 


Soluble in ammonia and alkali, insoluble 
in hot water. 


Soluble in ammonia, but s'owlv deconm- 
posed on warming 

Soluble in strong alkali and ammonia, 
but unaffected by boiling water. Preci- 
pitation complete between PH 2.1 and 
6.0 even in presence of alkali acetetes, 
tartrates and ammonium chloride with 
an excess of the regent. 

Soluble in NaOH and ammonia solns. ; 
also slightly soluble in strong soln. of 
ammoninm chloride. Precipitation com- 
plete between PH 5.7 and 6.5. 


Soluble in NaOH soln. Precipitation is 
quantitative in faintly acid soln. 


Discharged by PO? and . 


Soluble in ammonia. 
Soluble in ammonia or NaOH solution 


Soluble in caustic alkalies and ammonia. 


Soluble in alkali or ammonia solutions. 


Not extractable with chloroform and 
amyl" alcohol. 


Soluble in ammonia or alkali. 


Insoluble in amyi' alcohol but decompos- 
ed by alkalies. 


Insoluble in amyi* a!cohol. 


Discharged by alkali and by an excess 
of acid. 


Precipitation complete at pH 4 to s. 


Precipitation complete at pH 4 to s. 
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i The substance is insoluble ia water, but soluble in acids, alkalies and ammonia. 

a From an examination of the various reactious of 3-oximinomethylsalicylic acid with 
different metal ions, it was observed that copper and nickel could be quautitatively 
precipitated at pH 2.5 to 3.0 and 5.6 to 6.0 respectively. ‘The pH vatues of incipient 
precipitation of some of the metals by this reagent are also widely different. It was 
therefore expected that this reagent would prove useful for the gravimetric estimations 
of copper.and nickel, and for the separation of copper from nickel and many other 
metals. 

Copper was separated from Hg", Pb", Cd", Zn", Ni", Mn", Co" and Al" by a 
simple pH control, using this reagent. Separation of copper from Sb™, Bi" and Fe’ was 
effected in the presence of sufficient tartaric acid as a masking agent. Determination 
of copper from solutions containing arsenite, arsenate, vanadate, molybdate and phos- 
phate was also carried out at pH 2.5 to6.0 Nickel was precipitated at pH 5.6 to 6.0. 


Estimation of Copper 


A stock solution of copper chloride was prepared by dissolving a definite weight 
of metallic copper (G.R.) in HNO, (G.R.) and evaporating the solution repeatedly with 
HCl to remove nitrous fumes. The solution was then diluted to a definite volume with 
distilled water and its strength was further determined gravimetrically with salicylal- 
doxime. 
A definite volume of the standard copper solution was just neutralised with pure 
ammonia, acidified to remove the turbidity and then diluted approximately to 150 c.c. 
The solution was then warmed on the water-bath and afterwards treated with an excess 
of the reagent (10 c.c. of 1% solution in warm water for every 5 mg. copper present). 
Copper was then precipitated and washed as described for the preparation of the copper 
compound. It was filtered through an asbestcs Gooch and dried at 110°. 
The factor for copper is 0.1501. The results are recorded in Table II. 


TABLE II 


Total volume of solution=200 c.c. Drying temp.=110°. Factor © 0.1501. 


Copper present. Cu-precipitate. Cu found. Error. 
0 O1301 0.08650 g. 0.01298 g. — 0.03 mg. 
0.01561 0.10440 0.01567 + 0.06 
0.02615 0.17425 0.02614 — 0.01 
0.03916 0.26071 0.03913 — 0.03 
0.05211 0.34760 0 05218 + oo! 
0.06518 O 43222 0.06518 + 0.00 
0.07819 0.52040 ¢.07812 — 0.07 
0.09120 0.60751 ’ 0.09126 + 0.06 
0.10421 0.69460 0.10420 — 0.01 


Separation of Copper (IL) from various Cations and Anions.—Solutions of copper 
salt and those of other cations or anions of known strength were mixed together in 
different proportions, and each of the mixtures was treated exactly in the sime manner 
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as in the case of estimating copper, as described above. In the separation of copper 
from lead, standard solutions of the nitrate of the metals were used and their pH values 
were adjusted with nitric acid or caustic soda solution. In presence of Fe™, Sb™ and 
Bi'", 3-4 g. of tartaric acid was added as a masking agent. Some typical results out 
of many are shown in Table IIT. 


TABLE III 
Cu estimated 
13-91 mg. { Wt. ratioCu/Zn 8.09 4.61 2.3 1.15 0.85 0.23 0.15 
| % Error +0.01 —0.02 —0.04 —0.08 +0.11 
39-91 { Wt. ratio Cu/Cd 4-64 3-85 1.03 
| Error +0.09 —0.09 —0.14 —0.02 to —0.10 
13-65 { Wt. ratioCu/Co 1.18 0.95 0.24 
| % Error +0.03 +0.02 —0.23 
13-65 | Wt ratioCu/Mn 6.48 1.04 0.26 
| % Error +0.05 +0.06 +0.23 
26-65 | Wt. ratioCu/Pb 6.15 2.29 0.57 
| % Error —0.07 +0.045 —0.08 
13-78 { Wt. ratioCu/Hg 6.23 1.50 0.25 
| % Error +0.06 +0.025 —0.15 to —0.30 
13-52 Wt. ratioCu/Sb 2.88 0.87 0.77 
%Error +0.61 +0.02 
13-65 WL. ratio Cu/Bi 1.20 0.24 
% Error +0.06 —0.15 
26—52 { Wt. ratioCu/Al 1.39 0.37 0.31 
| % Error —0.15 —0.08 +0.08 
26-64 { Wt. ratio Cu/Fe 5.35 2.68 1.32 1.07 0.54 
% Error —0.025 +0.03 —0.08 —0.075 
18-74 { Wt. ratioCu/Ni 4.33 3-23 1.08 0.65 0.215 
| % Error +0.05 +0.0 +0.28 —0.13 40.27 
13 { Wt. tatio 1.35 0.68 Wt. ratio 0.17 
Cu/As Cu/As(¥) 
i %Error —0.23 —0.23 % Error —0.15 
52 { Wt. ratio Cu/Mo 0.96 0.48 
| % Error 0.0 —0.20 
13-26 Wt. ratioCu/V_ 5.0 1.86 
%Error +0.08 —0.18 
13-26 Wt. ratio 0.56 0.28 ; 
| Cu/H3P0, 
i % Error +0.08 —0.23 
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Estimation of Nickel 


A definite volume of a standard solution of nickel was just neutralised with sod:uin 
carbonate solution and the turbidity removed with HCI (dil.). The solution was 
then diluted to about 150 c.c., warmed on the water-bath, and treated with an excess 
of the reagent solution. ‘The fH of the solution was adjusted to 5.6 to 6.0 (tested with 
B.D.H. indicator paper) by adding dilute hydrochloric acid or alkali solution as neces- 
sary. The precipitate was filtered, dried and weighed as in the case of copper. The 
results are recorded in Table IV. 


TABLE IV 
Total volume of solution = 200c.c. Drying temp. = 110°. Factor = 0.1403. 
Ni present. Ni precipitate. Ni found. Error. 
0.01716 0 12205 g. 0.01712 g. —0.04 
0 05720 0.40780 0.05718 —0.02 
0.08580 0.61201 0.08578 — 0.02 
0.10296 0.73385 0.10291 
0.13728 0.97860 0.13720 —o,08 


DISCUSSION 


The reactions of 3-oximinomethylsalicylic acid are comparable to those of 
salicylaldoxime, but the pH valucs for the incipient precipitation of the metals by 
the former are somewhat lower. This suggests (<f. Irving and Williams, Nalure, 1948, 
162, 746 ; Martell and Calvin, “‘Chemistiy of the Metal Chelate Compounds’’, p. 170, 
Picntice Hall Inc., 1952) that the 3-oximninomethyl complexes are somewhat more stable 
than the corresponding aldoxime or aniidoxime complexes. ‘The results of this investi- 
gation naturally show the influence of a carboxyl substituent in the benzene ring of 
the salicylaldoxime molecule. 


The pH’s of incipient precipitation, in equimolecular solutions, of copper and nickel 
are widely different. Furthermore, zinc and cadmium do not form any definite 
compound with the 3 oximinomethylsalicylic acid, and their precipitation is prevented 
altogether in the presence of aminonium chloride. These facts are indicative of a greater 
selectivity of 3-oximinomethylsalicylic acid than that of salicylaldoxime. 


DEPARTMENT OF INORGANIC CHEMISTRY, 
INDIAN ASSOCIATION FOR THECULTIVATION OF SCIENCE, Received September 7, 1059. 
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3-OXIMINOMETHYLSALICYLIC ACID AS AN ANALYTICAL REAGENT. 
PART II. SPECTROPHOTOMETRIC DETERMINATION - 
OF URANIUM 


By Asit Kumar Ray AND PRIYADARANJAN RAy* 


The use of 3-oximinomethylsalicylic acid as a reagent for the spectrophotometric determination of 
uraniuin (VI), with which it develops an orange-red colour in alkaline solution, is described ‘The 
wave-length of 400 mu is found most suitable for absorption measurement. The optimum pH of the 
solution lies betweer 6.70 and 9.30 with an excess of the reagent, at least 5 to6 times the molar 
propo:tion of uranium, for the maximum development of colour. The colour is stable at room 
temperature below 30°. Beer’s law holds good in the concentration range of. 7.14—1:9.0 p.p m. 
uranium Sensitivity is 9.12 yU/c.c. The composition (1:1) of the coloured species has been eva- 
luated by Job's method and the probable constitution suggested. Most cations and anions interfere 
with the determination of uranium. Hence a preliminary separation of' uranium from the interfering 
ions is essential. 


The colorimetric methods for uranium are not so sensitive as those of many other 
elements. Recently Yoe et al. (Anal. Chem., 1953, 25, 1200) have proposed dibenzoyl- 
methane, C,H;CO.CH,.COC,Hs, as the most sensitive colorimetric reagent for uranium. 
But the insolubility of the reagent in water is a great disadvantage. Of the various 
other organic reagents that are in use for the colorimetric determination of uranium, 
mention may be made of salicylic acid (Miiller, Chem. Ztg., 1919, 48, 730), salicyl- 
amide (Ray etal, this Journal, 1953, 80, 491) and salicylhydroxamic acid (Bhaduri, 
Z. anal. Chem., 1957, 154, 103). 


3-Oximinomethyisalicylic acid (Ray and Ray, this issue, p. 133) reacts with ura- 
nium(VI) to develop an orange-red coiour in alkaline solution. ‘The coiour is 
fairly intense and is quite stable. It was therefore considered suitable for use asa 
colorimetric reagent for uranium. The optimum wave-length chosen for measurement 
of the colour intensity is 400 mu, where the freshly prepared reagent solu’iou has no 
absorption. An alkaline solution of the reagent on heating, however, shows some 
absorption in this region. The colour intensity of a solution containing uranium (VI) 
and an excess of 3-oximonomethylsalicylic acid reaches its maximum value at pH 7.0 
and remains constant up to pH 9.30. A further increase in pH, however, lea:'s toa 
considerable fading of the colour. ‘he colour intensity in-reases rapidly with an 
increase in the proportion of the reagent up to 5 to 6 times the molar proportion of 


*Present address : 50/1, Hindusthan Park, Calcutta-29. 
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urauium and then remains constant. Beer’s Jaw holds good over the range of 7.14 
to 119 p.p.m. of uranium. Sensitivity (0.12 y U/c.c.) is the same as that for salicyl- 
amidoxime (Bandyopadhayay, ibid., 1956, 38, 260). 

A study of the coloured complex in solution by Job’s method of continued 
variation, as modified by Vosburgh and Cooper (J. Amer. Chem. Soc., 1941, 68, 437 ; 
1042, 64, 1630), shows that its composition is given by 1:1 metal-ligand ratio as in the 
case of salicylamidoxime. Since the coloured species is insoluble in organic solvents 
like ether, chloroform, ethyl acetate, etc., but is highly soluble in water, it may 
reasonably be concluded that it is an ionic complex, possibly of the anionic type, as 
it is formed in an alkaline region. In fact, salicylaldoxime, which is known to form 
1:2 complexes with many bivalent metals at relatively low tH regions, also affords i :1 
complexes at higher pH values owing to both the phenolic (—OH) and oximino 
(=NOH) groups being involved in salt formation. 


Many common anions and cations have been found to interfere with the colour 
formation, excepting a few like NO,~, Cl~, and SO,?~, which do not interfere even at 
relatively very high concentrations. Anions like phosphate, borate, oxalate, citrate, 
tartrate, fluoride, etc. interfere even when present in small amounts. A previous 
separation of uranium from tke interfering ions is therefore necessary. 


ExPERIMENTAL 


A Unicam SP 600 spectrophotometer was used for the measurement of absorption 
of solutions, using cells of suitable thickness in order to have the transmittancy values 
Within the proper range (20 to 80%) for minimum error. Measuremerts of pH were 
carried out with the help of a Cambridge pH-meter (Bench pattern) using glass 
electrode (for 0.9 pH) or alkali-glass electrode (for pH 9 and above) and a saturated 
calomel reference electrode. 


A freshly prepared aqueous solution of 3-oximinomethylsalicylic acid was 
always used for the experiments. A solution of uranyl nitrate was prepared by 
dissolving 5g. of UO,(NO;),,6H,O (A.R.) in s00 cc. of water containing some 
free nitric acid (G.R.). This was standardised by precipitation with CO,-free 
ammonia gas and then igniting the precipitate to U;O,. From this stock solution others 
of desired strengths were prepared by requisite dilution. 


Stock solutions (0.1M and o.5M) were prepared from G.R. quality KOH, and 
these were used for the adjustment of pH of the solutions. Solutions of diverse ions 
were prepared from suitable salts (reagent grade) and were standardised as usual. 


Optimum Wave-length for the Absorption Measurements.—The optical densities 
of a number of 0.0005M uranyl nitrate solutions in the presence of a large excess of 
3-oximinomethylsalicylic acid at pH 8.78 were measured. ‘The absorption of a pure 
reagent solution of the same concentration as in the coloured solution (0.005M) was 
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The results are 


also measured at pH 8 tog, at various wave-lengths for comparisons 
represented by Fig. 1. 


Fic. 1 


5 7 


Optical Density (0. tem) 
> 


3 


360 380 400 420 440 460 480 500 520 
Wave length 


A : 0.0095 M-UO, (NOx), and 0.005 M-reagent ; pH 8 78. 
B : 0.005 M-Reagent ; pH 8.72. 


From Fig. 1 it is evident that 400 my is the optimum wave-length for measurement, 
since at this wave-length the uranyl-3-oximinomethylsalicylic acid colour shows a 
strong absorption while the reagent has got practically no absorption. 


Fic. 2 


UO?*-3-oximinomethylsalicylic acid. 
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B : Effect of the reagent. 
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The optical density of the reagent (0.005M) remains unchanyed between 2.8 and 
9.36 pH. 

Effect of pH on the Colour Intensity.—The effect of pH on the colour intensity is 
shown in Fig 2, curve A, from which it is evident that the colour intensity reaches its 
maximum value at pH 6.70 and thereafter remains unchanged up to pH 9.38. 


Influence of the Reagent Concentration on the Colour Intensity.—It is observed 
that at least an excess oi the reagent over 5 to 6 times the molar proportion of uranium 
is necessary for the development of colour (cf. Fig. 2, curve B). 


Beer's Law.—The system obeys Beer’s law in the range of concentration from 


7.14 to ttg.0 p.p.m. uraniu nu (cf, Fig, 3). 


FIG. 3 


Beer's law. 
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UO,**-reagent colour at PH 8.6 + 0.2. 


Stability of the Colour at Room Temperature.—The colour ix stable at room 
temperature. With the rise of temperature the cclour intensity was found to decrease 
appreciably over 30° as shown below. 


TABLE I 


UO,?* =0.00025M. pH=8 38. Reagent=0.0025M. 


Temp. ove 25 30 35 40° 45° 
O.D, (400 mt) aie 0.532 0.510 0.502 0.481 0 471 


Sensitivity : 0.12 yU/c.c. (Sandeil). 


Composition of the Coloured Product.—The composition was determined by the 
method of continued variation. In order to prevert the precipitation of uranium 
from solutions containing smaller amounts of 3-oximinomethylsalicylic acid (R), it 
was found necessary to work with very dilute solutions. At this extremely low 
concentrations the absorption of the free UO,”* ions was found to be negligible at the 
wave-lengths (400 mu and 420 mp) empioyed for the measurement of the colour 
intensity, while the reagent did not show any absorption at these wave-lengths. The 
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results are represented in Fig. 4. The maximum absorption is shown by a solution .f 


composition 1 metal :1 ligand. - 
Fic. 4 


040 


400 mu 


O35 


030 


020 


Optical Density (D,2¢m)—~ 
025 


015 


os oe o7 os 


R, 
+ Uo,** 


Job's "method 
U0,** 3- Oximinomethyl Saltey lie Acid 
pH 86 202 

Influence of Foreign Ions on the Uranyl-3-oximinomethylsalicylic Acid Colour.— 
The effect of diverse ions was studied as usual and the approximate tolerance limits 
were determined. ‘The latter denote the maximum permissible concentration of the 
foreign ion in the solution under investigation which affect the optical density by less 
than + 2%. Most of the common cations and anions were found to interfere, but 
NO,~, Cl” and SO,?~ had no effect, even when they occurred in 200, 100, 400 times 
the amount cf uranium present respectively. 

Estimation of Uranium.—From a consideration of the experimental results, 
recorded here, the following procedure for the estimation of uranium by 3-oximino- 
methylsalicylic acid may be recommended. 

For the determination of uranium in commercial materials, ores, minerals, etc., 
a solution of the sample should be prepared and all interfering ions present should be 
removed by standard procedures. The pure uranium solution as chloride or nitrate is 
then used for the estimation. An aliquot is to be treated with more than seven times 
the molar proportion of a freshly prepared solution of 3-oximinomethylsalicylic acid 
and diluted to a known volume with water, adjusting the pH of the solution to 
7-5 -9.2 by adding alkali(KOH). The uranium content of the final solution should 
remain between 14 and 115 p.p.m. The optical density of the solution is measured at 
400 mp in a cell of suitable thickness to have the transmission 80-20%, against a 
reagent blank. From the optical density value, the concentration of uranium can be 
calculated, knowing the extinction coefficient. 
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SYNTHESIS OF CYANINE DYES BY THE CONDENSATION OF 
b-DIETHYLAMINOBENZALDEHYDE WITH APPROPRIATE 
HETEROCYCLIC COMPOUNDS. PART IX 


By M. Q. Doja AND ARUN Kumar SINHA 


Three new dyes have been prepared by the condensation of p-dimethylaminobenzaldehyde with 
6-formamido-, 6-acetamido- and 5-acetamido-quinalidine ethiodide, and one more by condensing p-dicthyl. 
aminobenzaldehyde with 5-acetamidoquinaldine ethiodide. The absorption maxima and sensitisation 
spectra of these four substituted dyes have been recorded. The chemical and other properties have 
been studied. 


Among the various heterocyclic compounds used in the synthesis of the very large 
number of cyanine dyes, now known, quinoline derivatives are by far the most generally 
used. 

The present work deals with the preparation and the study of the properties of 
four new styryicyanines. Three of these were prepared by the condensation of 
p-dimethylaminobenzaldehyde with 6-formamido-, 6-acetamido- and 5-acetamido-quinal- 
dine ethiodide, and another by the condensation of p diethylaminobenzaldehyde with 
5-acetamidoquinaldine ethiodide, in absolute ethanol in presence of piperidine as 
catalyst. ‘The object of the present investigation was to study the effect of the substitu- 
ents introduced in the 6-position and in the 5-position of p-dialkylaminostyrylquinoline 
ethiodide. The dyes may be represented by the general expression (I : R= Me or Et) : 


IN Et R | 


which represents the resonance hybrid between the two extreme canonical forms, the 
anion being attached to the heterocyclic N atom in »ne, and to the exocyclic N atom in 
the other. 

It will be apparent from the structure of the dyes, now prepared, that variations 
have been effected by weighting the parent dye molecule by ‘i) suitable substitution 
in the heterocyclic nucleus, and (ii) condensing the heterocyclic nuclei, thus obtained, 
with p-dimethylaminobenzaldehyde in place of the p-diethyl analogue, the intervening 
polymethin chain being the same. Some of the results of these investigations have 
already been reported (Doja and Sinha, this Journal, 1954, 31, 735 ; 1956, 38, 183). 


The heterocyclic bases, required for the present investigation, were quaternised by 
heating them with ethyl iodide in sealed tubes on the water-bath for varying periods. 


Methanol was uniformly used as a solvent for crystallisation. ‘The dyes are obtained 
as well-formed pleochroic crystals, possessing various degrees of reflex. ‘The rectified 
spirit solutions of these dyes are all coloured violet with a pronounced reddish tinge. 
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By the addition of mineral acids, the colour of the solutions is completely discharged 
and is probably due to the destruction of the conjugated system which is responsible 
for the culour (cf. Brooker et al., J. Amer. Chem. Soc., 1940, 62, 1116). 

A measure of the relative resistance to decolorisation has been obtained by titrating 
2¢.c. of 1: 50,000 solution of the dye in ethanol with N/100-HCl, figures for which are 
shown in Table I. The dimethylamino dye (G,) has been found to be more resistant to 
decolorisation than the corresponding diethylamino compounc. 

TABLE I 


Pleochroism. 


Colour of light Colour after N/100 
in one position rotat‘on HCl 
of polariser through 


Relative 
resista 1ce 
reqd. to decolo- 

risation. 
Grey 16.0 ¢.c. 2.58 
Opaque 19.0 3-06 
Translu- 41.2 6.64 
cent 


Symbol Colour and shape Reflex. 


of dve. of the crystals 


Opaque 
Dark grey 
Opaque 


Dark mauve powder Weak grcen 
Deep magenta pow der Nil 
Felt green crystals Shining green 


Dirty red leaves Nil Dark red Opaque 6.2 1.00 
2-p-Dimethylaminostyry1-6 formamide quincline ethiodide 


2-p- ” ” ~S:acetamido = 
2-p-Diethy} », +5.acetamido 

All these dyes are readily soluble in methanol, ethanol and glacial acetic acid. 
These dyes also show the peculiar phenomenon that thcir acetic acid solutions deepen 
in colour on warming and their original colours are regained on cooling, the effect 
being more pronounced in aqueous acetic acid solutions (cf. Doja and Sinha, loc. cit.). 

fhe various shades, produced on silk, cotton and wool from ethanolic solutions 
of these dyes are shown in Table II. ‘The shades are fugitive to exposure and washing. 


TABLE II 


-6-acetamido 


G 
Reddish violet Indigo-violet 
Maroon Violet 
Reddish blue Brinial-blue 


Compound ... FE) F; 
Silk eee Rose-red Reddish violet 
Wool oe Maroon Reddish violet 
Cotton... Rose-pink Pink-violet 
The fluorescene of weak alcoholic solutious (1: 100,000! of the dyes (cf. Doja, this 
Journal, 1940, 17, 347) are recorded in Table Iil. 


TABLE III 


Wallace Colour of the fluorescent beam seen at right angle to the incident beam passing 
colour through solution of the dyes. 


filter No. 


w 


P PY 


9 


Fi. 
Light absorbed 
Orange-yellow 
Yellowish red 
Flaming red 
Flaming red 
Reddish yellow 
Lemon-yellow 
Light violet 
Orange-red 
Violet 


F). 
Crimson 
Orange-red 
Yellowish red 
Flaming red 
Orange-yellow 
Reddish yellow 
Yellow 
Violet 
Orange-yellow 
Light absorbed 


CG). 
Flaming red 
Reddish vellow 
Violet 
Orange-yellow 
Reddish yellow 
Flaming yellow 
Light violet 
Deep violet 
Orange-red 
Light absorbed 


G. 
Light abscrbed 
Re Jdish vellow 
Pink 
Reddish yellow 
Orange-yellow 
Reddish yellow 
Lemon-yellow 
Deep pink 
Reddish yellow 
Violet 
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The sensitisation spectra are shown in Fig. 1. For the sake of comparison, the 
sensitisation spectrum of an unbathed process plate is appended (Fig. 1). The absorp- 
tion maxima of all these dyes have been determined in absolute ethanol on a Beckman 
DU model spectrophotometer. 


Fic. 1 


Uiubathed 


The absorption maxima, logarithmic valucs of molar extinction coefficient and 
1anges of extra-sensitisations are recorded in Table IV. 
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TasLe IV 


log «. Extra-sensitisation. Rem a tks. 


Nature of 
substitution. Range. Max. 


6-HCONH 3.95 3580— 70408 54008 Fairly uniform 
6-MeCONH 537 4-68 3540—6950 4460 from 4400 to 

5-MeCONH 540 4.82 3500-6640 4480 62004 with minor 
5-MeCONH 552 4.81 3480 —6580 4500 peak at x4o008. 


It will be observed that the 5-acetamido-p-diethylaminostyryl compound absorbs 
at a longer wave-length than its dimethy] analogue. This is in conformity with the 
general observation that the weighting of the dye molecule by heavier groups shifts 
the absorption maxima towards longer wave-lengths. Substitution at 6-position by 
groups of increasing molecular weights, e.g., formanido hy acetamido group, shifted 
the absorption maxima to longer wave-length. Thus, the substituents have the following 
sequence : 5-acetamido-(p-diethyl) > 5-acetamido-’p-dimethyl) > 6-acetamido-(p-dime- 
thyl) > 6-formamido-'p-dimethy]). 

It is interesting to note here that the 6-substituted acetamido dyes have longer 
range of extra-sensitisation than the 5-substituted acetamido dyes in either of the 
p-diethylamino and the p-dimethylamino series. The extra-sensitisation conferred by 
the dyes are of the order: 6-formamido-{p-dimethyl) > 6-acetamido-({p-dimethyl) > 
5-acetamido-(p-diethy]). 

Curiously enough, the 5-acetamido-p-dimethyl dye is a better sensitiser than the 
corresponding p-diethyl dye, while the latter absorbs at a large wave-length than the 
former. Though these dyes absorb at longer wave-lengths than their 6-acetamido 
analogues, they are, however, comparatively weak sensitisers. 


ExPERIMENTAL 


2-p-Dimethylaminostyryl-6-formamidoquinoline Ethiodide.—p-Dimethylaminobenzal- 
dehyde (0.14 g.), 6-formamidoquinaldine ethiodide (0.3 g.), absolute ethanol (10 c.c.) 
and piperidine (2 drops) were boiled under reflux for 2 hours, when a deep red colour 
of the solution was developed. ‘The dye (0.15 g.) separating on cooling was recrystallised 
from methanol, m.p. 240° (shrinking from 238°). (Found: N, 8.55 ; I, 26.9. CosHosONsl 
requires N, 8.87 ; 1. 26.85%). 

2-p-Dimethylaminostyryl-6-acetamidoqu‘noline Ethiodide.—On refluxing under a 
moisture trap an ethanolic solution (30 c.c.) of 6-acetamidoquinaldine ethiodide (0.71 g.), 
p-dimethylaminobenzaldehyde (0.298 g.) and piperidine (4 diops), an intense magenta 
<olour developed. The heating was continued for 1 hour. The dye separating during 
later period of heating was recrystallised from methanol, m.p. 283°, yield 0.4 g. (Found: 
N, 8.65 ; ", 26.2. CosH2sON3I requires N, 8.63; I, 26.07%). 

5-Acetamidoquinaldine Ethiodide.—s5-Acetamidoquinaldine (1.1 g.) and cthyl iodide 
(1.5 g.) were heated at 100° in a sealed tube for 27 hours. The solid mass wa’ washed 
with ether to remove any unchanged base, extracted with hot water and filtered. The 
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filtrate on evaporation afforded an oily product, which was then dissolved in alcohol 
and precipitated with ether as a yellowish green solid, yield 0.75 g., m.p. 203-204", 
shrinking from 197°. (Found: I, 35.8. C,¢H,,ONz2I requires I, 35.67%). 
Eihiodide.—A soiution of p-dimcthyl- 
aminobenzaldehyde (0.335 g.), 5-acetamiccquinaldine ethicdidc (0.8 2.) in absclute 
ethanol (30 c.c.) were refluxed in a small conical flask for 2 hours with 3 drops of 
piperidine, under a moisture trap. The dye (0.35 g.) c:ystallised cut on cooling and was 
recrystallised from methanol as clusters of siva'l reedles, m.p. 258.5°. ‘Fcund: N, 8.7; 
I, 25.8. C.;H2¢ON;I requires N, 8.62 ; I, 26.c7%). 
2-p-Diethylaminostyryl-5-acetamidoquinoline Ethiodide.—By refluxing a hot solution 
of 5-acetamidoquinaldine ethiodide (0.712 g.) and p-diethylaminoicnzaldehyde (0.354 g.) 
in absolute ethanol (30 c.c.) with piperidine (4 drops) under a calcium chloride guard 
tube for 35 miuutes, the dye began to sepirate. A further amount deposited on cooling, 
The collected samples (0.6 g.) were recrystaliised from methanol as copper-red woolly 
clusters, m.p. 264-65°. (Found: N, 8.0; 1], 24.8. requires N, 8.1; 
I, 24.66%). 
CHEMICAL I,ABORATORIES, 
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INTERACTION OF ARYL-SUBSTITUTED THIURETS AND AROMATIC 
AMINES: SO-CALLED GUANIDINOTHIOUREAS AND THEIR 
ANHYDROACYL DERIVATIVES 


By S. N. Drxir 


The interaction of aromatic primary amines with aryl-substituted thiurets has been examined. 
Depending on the conditions of reaction, the product is either an N-arylformamido-N’-arylthio- 
It has bee, shown that both, the so-called 
derivatives, described by Fromm 
Mechanism 


carbamide or a 3:5-diarylamino-r :2 :4-thiodiazole, 
arylguanidinoarylthiocarbamides and the related anhydro acetyl 
and co-workers, ate identical with the corresponding 3 :5-diarylamino-1 :2:4-thiodiazoles. 


of the changes has been discussed. 


Fromm et al. reported (Annalen, 1906, 348, 174 ; 1907, 356, 178 ; 1908, 364, 321 ; 
1912, 894, 258) that when halohydracid salts of aromatic'substituted thiurets reacted 
with aromatic amines, ‘‘arylguanidinoarylthiocarbamides’’* (I) or (II) were formed : 


| 
s—S NH s NHAr 


(1) 


On acetylation (I) furnished an acetyl derivative (Amnalen, 1908, 361, 314, 315) 
which on treatment with alcoholic potash was believed to lose a molecule of water 
and form an “‘anhydroacyl arylguanidinoarylthiocarbamide” to which structure 
(III) has been assigned. Several compounds of the supposed stuctures (I), (II) 
and (III) have been prepared (loc. cit.). 
Suresh has recently shown (this Journal, 1960, 87, 30) that the product of the 
reaction between phenylthiuret and aniline is not the reported “‘phenylguanidino- 
phenylthiocarbamide”’ (i), but is identical with its oxidation product, 3 : 5-dipheny]l- 


amino-1 :2:4-thiodiazole (1V: Ar=Ar’=Ph), 


Me 
| 
Cc 
:N.Ar’ 
Ar.N : ~N.Ar Ar.N :C\_/NH 
NH 
(II1) (IV) 


* This nomenciature implies a guanidino group substituted on one of the nitrogens of thiour:a 


Siuce only NHAr-C=NH group and not NHAr(NH;)C-NH is actually substituted, the nomencla- 


ture is open tc objection. 
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A reinvestigation of the above reactions was therefore undertaken with a view 
to ascertaining the nature of the products in other cases and also to confirming 
the structure (III) of anhydroacy! derivatives. Reactions between the following 
pairs of reactants were examined: (i) -tolylthiuret and p-toluidine, (ii) p-tolylthiw et 
and aniline, (iii) p-phenetylthiuret and aniline and (iv) phenylthiuret and £-pheueti- 
dine. 


In most cases, when the reaction was carried out under the conditions des. 
cribed by Fromm et al. (loc. cit.), the major product was found generally to have 
the melting point reported by these workers. Unlike the thiocarbamides, it was, 
however, undesulphidable by aikaline lead oxide, and proved identical with a thio. 
diazole of the type (IV) in which the arylamino group at pesition-5 represented 
the arylamino group of the thiuret used. For instance, in the reaction between 
p-tolylthiuret and aniline, the product was 4-phenylamino-5-f tolylamino-r : 2 : 4- 
thiodiazole. Its structure was confirmed in each case by synthesis by the oxidation 
of the related N-arylformamido-N’-arylthiocarbamide (Kurzer, J. Chem. Soc., 1956, 
2245; Suresh, loc. cit.). The other product, isolated in much smaller quantities, 
has not been mentioned by the earlier workers and is really the thiocarbamide re- 
presented by structure (I) above. If the thiuret and the amine were allowed to 
react for a shorter time or at a lower temperature, the compound (I) represented 
the main product. Its structure was coafirmed in each case by its synthesis from 
the appropriate monoarylguanidine and ary] isothiocyanate, 


+ Ar.N:C:S (I: Ar=Ar’) 
NH 


The product obtained by the action of -phenetidine on p-phenetylthiuret has 
been assigned structure (II) of di-p-phenetylguanidinothiocarbamide ‘Annalen, 1912, 
394, 262), but this is found to be identical with the N-f-phenetylformamido N’- 
p-phenetylthiocarbamide (I). 

The arylformamido-arylthiocarbamides, which is a better name for compound 
of the type of (I), when boiled for considerable length of time in alcoholic solution, 
did not undergo any change even when free acid and amines were added ; but 
when finely powdered sulphur was added, oxidation to (IV) took place, as it did 
with iodine or bromine. 

From these results, the following scheme of reactions would appear to represent 
the sequence of changes in the amine-thiuret interaction : 


oxidation with S 


— (IV) + H,S 


+ Ar/NH, — (I) +S+HX 
S—s 


In the light of these facts, the reported acyl derivatives of ‘‘arylguanidinoaryl- 
thiocarbamides’’ should be identical with the acetyl derivatives of the thiodiazoles 
(IV) as, indeed, has been confirmed. Un treatment with alcoholic potash, as 
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expected, these give back the original thiodiazoles. Identity of the so-called an- 
with 3 : 5-di-p-tolylamino-r 2 : 4-thio- 
diazole has been confirmed by analysis. comparison of properties and ultraviolet 
absorption spectra. In other cases, the identity of anhydroacetyl derivatives with 
the related thiodiazoles has been established by observing undepressed melting points 
of thier mixtures, 


ExPERIMENTAL 


(1). Reaction between p-Tolylthiuret and p-Toluidine under Fromm’s Conditions: 
Formation of (IV: Ar=Ar’= -tolyl).—p-Tolylithiuret (11.25 g.), p-toluidine (10.9 g-) 
and alcohol (50 c.c.) were heated under reflux for 1} hours ona water-bath. The 
hot solution was filtered from the precipitated sulphur and allowed to crystaliise. 
Crystals were washed with CS, and dried, yield 3.5 g.. m.p. 203-205°. When 
crystallised from alcohol, it melted at 206° (Fromm and Weller, Annalen, 1908, 
361, 310, record m.p. 170-80°), [Found: C, 64.82; H, 5.49; N, 18.92. Cale. for 
CisHyeN,S : C, 64.84 ; H, 5.40; N, 18 91%]. The compound could not be desulphided 
with lead oxide. Picrate, m.p. 182° ; acetyl derivative, m.p. 209° (Fromm and 
Weller, loc. cit., record m.p. 194°). 

(2). Reaction between p-Tolylthiuret and p-Toluidine under Mild Conditions : 
Formation of p-Tolylformamido-p-tolylihiocarbamide.—p - Tolylthiuret (11.25 g.), 
p-toluidine (10.9 g.) and alcohol (50 c.c.) were heated gently under reflux for 15 to 
30 minutes on a water-bath. The hot solution was filtered and allowed to stand 
when crystals appeared ; these were filtered and washed with CS,, m.p. 156-57°. 
On recrystallisation from alcohol the m.p. rose to 160°. Picrate, m.p. 174°. acetyl 
derivative, m.p. 192°. (Found: C, 64.01; H, 5.70. Calc. for CisHisNuS: C, 64.42; 
H, 6.04%). This was p-tolylformamido-p-tolylthiocarbamide (vide infra.). 


The compound (m.p. 160°), when warmed with lead oxide, blackenedit. On 
oxidation with iodine in alcoholic medium or with bromine in chloroform it afforded 
a product, m.p. 206°. This was identified (vide supra) with the product obtained 
under (1). Picrate, m.p. 182” ; acetyl derivative, m.p. 209°. 


(3). Preparation of N-p-Tolylformamido-N’-p-tolylthiocarbamide from p-Tolyl- 
guanidine and p-Tolyl isothiocyanate and its Oxidation to 3:5-Di-p-tolylamino-t1 : 2 : 4- 
thiodiazole-—(i). To wmono-f-tolylguanidine (5 g.), dissolved in alcohol (30 cc.), 
p-tolyl isothiocyanate (4 c.c.) was added and the mixture heated under reflux for 45 
minutes on a water-bath. The solution was filtered hot and allowed to cool, when 
crystals appeared, m.p. 166°. Picrate, m.p. 174°. (Found: C, 64.80; H, 5.79; 
N, 18.96 ; S, 10.31. Calc. for Cj6H,.N.S: C, 64.42 ; H, 6.04; N, 18.79; S, 10.70%). 

Mixed w.p.s of the product and its picrate remained undepressed when mixed 
respectively with the compound and its picrate, obtained before. Their ultra- 
violet absorption spectra were also identical (Fig. 1). 
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= Solid 
X—xX— N-p-phenetylformamido-N’-phenyl- 
Solid circle...3 :5-lipheryla »ino-1: 2: 4-thiodiazole. 

—...0—3 :5-di-p-tolylamino- 

--+-.. 3-p-phenetylamino-5-phenylamino 1 :2: 4-thiodiazole. 
fii). The above N-f-tolyiformamido N’-p-tolylthiocarbamide (2 2.) was dissolved 

in alcohol ‘10 c.c-), diluted slightly and acidified with two drops of HCl (conc.). 

Iodine (1 g.) in aqueous potassium iodide was added gradually till iodine colour 


persisted, when crystals began to separaye. Excess of iodine was removed by 
adding a pinch of sodium bisulphite. The solution was filtered, mep. 204° (crude) ; 
on recrystallisation from alcohol the m-p. rose to 206°. (Found: C, 65.10; H, 5.53; 
N, 18.73. Calc. for CysHisNuS : C, 64.84 ; H, 5.40; N, 18-91%). Picrate, m.p. 182°; 
acety!] derivative, m.p. 209°. 
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This oxidation product was found identical with the product obtained under 
(r) and the product obtained by iodine or bromine oxidation under (2). ‘The mixed 
m.p-s with the origina! products, their acetyl derivatives and picrates showed no 
depression. 

(4). Oxidation of N-p-Tolylformamido-N’-p-tolylthiocarbamide with Sulphur.— 
The alcoholic solution of the above thiocarbamide was heated under reflux with 
p-toluidine and HCl, but it remained unchanged. However, when the thiocarbamide 
was refluxed in alcohol in presen-e of finely powdered sulphur, oxidation to 
thiodiazole occurred. The product separated on crystallisation, m.p. 206°. It was 
identified with 3:5-di-p-tolylamino-1:2:4-thiodiazole by undepressed mixed m.p. 
with an authentic sample. 

(5). Preparation of Acetyl Derivative and its Hydrolysis.—3 :5-Di p-tolylamino- 
1:2:4-thiodiazole (0.5 g.) was warmed with acetic anhydride (10 c.c.) in a water- 
bath for 15 minutes. ‘The mass was poured in ice water, m-p. 207° (crude) ; when 
recrystallised from dilute acetic acid the m.p- rose to 209° (Fromm and Weller, 
loc. cit., recorded m.p- 194°). The mixed m.p. of the acetyl derivative with the 
original product was 174-76°. Mixed m.p. with the acetyl derivative obtained 
under (1) remained wundepressed. Thus, the acetyl derivative of the so-called 
“‘p-tolylguanidino-p-tolylthiocartamide’’ is really identical with the acetyl derivative 
of the related thiodiazoie. 

The acetyl derivative was heated with alcoholic potash (4.N) under reflux 
for 2 hours, On dilution and evaporation of the alcohol a product, recrystallisable 
from alcohol, was obtained, m.p. 206°. (Fromm and Wellcr’s “‘anlnydroacetyl deriva- 
tive, m.p. 206, Annalen, 1908, 361, 315). (Found: C, 64.47; H, 5.52; N, 18-87. Calc. 
for CyesHigN.S: C, 64.84 ; H, 5.40; N, 18.91% ). 

The identity of the above product with the original thiodiazole was confirmed 
by analysis, by undepressed mixed m.p. and the ultraviolet absorption (Fig. 1). 

(6). Reaction between p-Tolylthiuret and Aniline. —p-Tolylthiuret (11.25 g.), 
aniline (9.5 c.c.) and alcohol {s0c¢.c.) were reflaxed for 14 hours on a water-bath. 
The hot solution was filtered from the precipitated sulphur, when crystals appeared. 
On washing with CS,, it afforded crystals, m.p. 182-83°, yield 3 g. On recrystallisa- 
tion from alcohol, the m.p. rose to 185° (Fromm and Weller, ibid., 1908, 361, 305, 
recorded m.p. 182°). Picrate, m.p. 181° ; acetyl derivative, m.p. 227°. 

However, when the reaction was carricd out under milder conditions, N- 
phenylformamido-N’-p-tolylthiocarbamide, m.p. 137°, was obtained as the major 
product. It was found identical with the product obtained by the condensation of 
phenylguanidine and p-tolyl isothiocyanate (vide infra) by undepressed m.p. of their 
mixture, 

(7). Preparation of N-Phenylformamido-N’-p-tolylthiocarbamide and its Oxidation 
to 3-Phenylamino-5-p-tolylamino-1 :2:4-thiodiazole-—To monophenylguanidine (5 g.), 
dissolved in alcohol (30 c.c.), p-tolyl isothiocyanate (4 c.c.) was added and the mixture 
heated under reflux for 45 minutes. ‘The hot solution was filtered when crystals 
separated. The product was recrystallised from alcohol, m.p. 137-38°. (Found; 
S, 11-56. Cale. for : S, 11.26%). 


4 
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The above N-phenylformamido-N’-p-tolylthiocarbamide (2 g.) was dissolved in 
alcohol (15 c.c.) and an excess of iodine in aqueous potassium iodide was added gradually, 
when crystals separated. On recrystallisation from alcohol it had m.p. 185°. Mixed 
r.p. remained undepressed on admixture with the product of the foregoing experiment, 
Mixed m.p. of their acetyl derivatives also remained undepressed. 


{8). Preparation of Acetyl Derivative and Hydrolysis.—A mixture of 3-phenyl- 
amino-5-p-tolylamino-1 : 2: 4-thiodiazole (0.5 g.) and acetic anhydride (5 c.c.) was warmed 
on a water-bath for 15 minutes. The mass was poured in ice water and the product 
recrystallised from dilute acetic acid, m.p. 227° (Fromm and Weller, loc. cit., recorded 
m.p. 225°). This was found identical with the acetyl derivative described under 
(6'. Thus, the acetyl derivative of the so-called ‘‘phenylguanidino-p-tolylthiocarbamide”’ 
is really identical with the acetyl] derivative of the related thiodiazole. 


The acetyl derivative was heated with alcoholic potash (4 N) under reflux for 
2 hours; the reaction mixture was diluted ard the alcohol evaporated ; the product 
was recrystallised from alcohol, m.p. 185° (Fromm and Weller, loc. cit., recorded m.p. 
185° for the anhydro derivative). The identity of this product with the starting 
thiodiazole was confirmed by undepressed melting point of their mixture. 


Reaction between p-Phenetylthiuret and Aniline.—(i). p-Phenetylthiuret (12.75 g.) 
and aniline (9.5 ¢.c.) on being heated and treated exactly as under (6), afforded a 
product in 3.5 g. yield, m.p. 183-84° ; recrystallised from alcohol the m.p. rose to 
185° (Fromm and Vetter, Annalen, 1907, 386, 185, record m.p. 170°). Picrate, 
m.p. 182°; acetyl derivative, m.p. 139°. 


(ii). When heated only for a few minutes, the above reactants furnished N- 
phenylformamido-N’-p-phenetylthiocarbamide (m.p. 124°) which was found identical 
with the product obtained by the condensation of phenylguanidine and p-plenetyl 
isothiocyanate (vide infra). 


(10). Preparation of p-Phenetyl isoThiocyanate.—Gattermann (J. prakt. Chem., 
1899, ii, 59, 588) prepared it by the action of thiophosgene and p-phenetidine. Now 
it has been prepared as follows: CS, (11 c.c.) and liquor ammonia (23 c.c.) were 
mixed and cooled in ice. To the cooled mixture p-phenetidine (15 c.c.) was added 
gradually with constant shaking when the ammonium salt of p-phenetyldithiocar- 
bamic acid was precipitated. It was filtered out and treated with lead nitrate 
(75 g.) in water (250 c.c.) and then steam-distilled. A colorless soft solid mass 
separated out from the distillate. It was recrystallised from alcohol, m.p. 61°, 
yield 5.5 g. 

The above f-phenetyl isothiocyanate was identified by converting it into mono- 
b-phenetylthiourea (m.p. 174°) by treatment with concentrated ammonia. The 
monophenetylthiourea was also synthesised by heating together ammonium thiocyanate 
and p-phenetidine hydrochloride in an aqueous medium. The product was recrystallised 
from alcohol, m.p. 174°. The identity of both the thioureas was established by 
observing undepressed melting point of their mixture. 
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(11). Preparation of N-Phenylformamido-N’-p-phenetylthiocarbamide and its 
Oxidation 1o 3-Phenylamino-5-p-phenetylamino-1 : 2 : 4-thiodiazole.—Monophenylguani- 
dine (5 g.), dissolved in alcohol (30 c.c.), was added to p-phenetyl isothiocyanate 
(4g.), and the mixture heated under reflux for 45 minutes. The hot solution was 
filtered and allowed to crystailise. It was recrystallised from alcohol, m.p. 124°, 
yield 3.5g. (Found: S, 10.14. Calc. for C,.H,,ON,S: S, 10.19%). The compound 
gave no depression in m.p. when mixed with the product obtained under (g, ii). 


The above N-phenylformamido-N’-p-phenetylthiocarbamide (2 g.) was dissolved 
in alcohol (15 ¢.c.) and oxidised with iodine as under (3, ii). The product was 
crystallised from alcohol, m.p. 185°. The identity of this oxidation product was 
confirmed with 3-phenylamino-5-p-phenetylamino-1 :2:4-thiodiazole, obtained under 
(9, i) by undepressed mixed m.p. 

(12). Preparation of Acetyl Derivative and its Hydrolysis.—3-Phenylamino-5-p- 
phenetylamino-1 :2:4-thiodiazole (0.5 g.) and acetic anhydride (5 c.c.) were heated 
for a few minutes and then poured in cold water. The crude product (m.p. 137°) 
was recrystallised from dilute acetic acid, m.p. 139° (Fromm and Vetter, loc.cit., 
recorded m.p. 172°). 

The acetyl derivative was heated with alcoholic potash (4 N) under reflux for 
2 hours, diluted, alcohol evaporated and the product recrystallised from alcohol, 
m.p. 185°. Fromm and Vetter’s anhydroacetyl derivative (loc. cit.) melted at 187°. Its 
identity with the original starting thiodiazole was confirmed by andepressed melting 
point of their mixture. Thus, the acetyl derivative of the so-called *““nhenylguani- 
dino-p-phenetylthiocarbamide”’ is really identical with the acetyl derivative of the 
related thiodiazole, and the supposed anhydroacety] derivative is identical with the 
thiodiazole itself. 

(13). Reaction between Phenylthiuret and p-Phenetidine.—(i). Phenylthiuret 
(10.5 g.), p-phenetidine (13.9 c.c.) and alcohol (50 c.c.) were similarly heated as under 
(6) to furnish 3.5 g. of the product. It was recrystallised from alcohol, m.p. 
181°. Fromm and Vetter, (loc. cit.) recorded m.p. 168°. (Found: C, 61.29; H, 5.13. 
Cale. for C,sH,,ON,S: C, 61.54; H, 5.12%). Picrate, m.p. 199° ; acetyl derivative, 
m.p. 185° (Fromm and Vetter, loc. cit., recorded m.p. 183°). 

(ii). When phenylthiuret and p-phenetidine in the above ratio were heated 
under reflux for 15 minutes only, the major product was N-p-phenetylformamido- 
N’-phenylthiocarbamide, m.p. 130°. This was found to be identical with the thio- 
carbamide obtained in the following experiment by the condensation of -phenetyl- 
guanidine end phenyl isothiocyanate. The identity was confirmed by undepressed 
melting point of their mixture and by ultraviolet absorption spectra (Fig. 1). 

(14)... Preparation of and_ its 
Oxidation to 3-p-Phenetylamino-5-phenylamino-1:2:4-thiodiazole.—The mixture of 
p-phenetylguanidine carbonate (5 g.), dissolved in alcohol (30 c.c.), and phenyl- 
isothiocyanate (4 c.c.) was heated under reflux for 45 minutes. The hot solution was 
filtered and allowed to crystallise. The product was recrystallised from alcohol, 
m.p. 130°. This was found identical with the product obtained under (13, ti). 
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The above N-p-phenetylformamido-N-phenylthiocarba:nide (2 gy.) was dissolved 
in alcohol (15 c.c.) and to it excess of iodine in aqueous potassium iodide was 
added gradually. Crystals separated, m.p. 179-80° ; on recrystallisation from alcohol 
the m.p. rose to 181°. The product was confirmed to be identical with the 3-p-phenetyl- 
amino-5-phenylamino-1 : 2:4-thiodiazole, obtained in the preceding experiment, by 
undepressed mixed m.p. with their mixture and by ultravoilet absorption spectra 
Fig. 1). 

(15). Preparation of Acetyl Derivative and its Hydrolysis.—3-p-Phenetylamino-5- 
phenylamino-1 :2:4-thiodiazole (0.5 g.) was warmed with acetic anhydride (5 cc.) 
for a few minutes. The mass was poured in ice-water. The product was re- 
crystallised from dilute acetic acid, m.p. 185° (Fromm and Vetter, loc. cit., record 
m.p. 183°). 

The acetyl derivative was heated with alcoholic potash (4 N) under reflux for 
2 hours, diluted, alcohol evaporated and the product recrystallised from alcohol, 
m.p. 181° (Fromm and Vetter, loc. cit. recorded m.p. 204°). The identity with 
the original thiodiazole was confirmed by undepressed melting point of their mixture. 


(16). Preparation of Acetyl Derivatiae of 3:5-diphenylamino-1:2:4-thiodiazole and 
its Hydrolysis.—3:5-Diphenylamino-1 : 2 : 4-thiodiazole (0.5 g.), prepared by action of 
aniline on phenylthiuret, was warmed with acetic anhydride (5 c.c.) for a few 
minutes. The mass was poured in ice water and the product was_ recrystallised 
from dilute acetic acid, m.p. 236° (Fromm and Vetter loc. cit. recorded m.p. 240°). 


The acetyl derivative was heated with alcoholic potash (4.N) under reflux 
for 2hours. The contents were diluted, alcohol evaporated and the product 
was recrystallised from alcohol, m.p. 202°. Fromm and Vetter’s anhydroacyl- 
derivative melted at 200°. The identity with the original thiodiazole was established 
by undepreseed melting point of their mixture. Thus the acetyl derivative of the 
so-called ‘“‘phenylguanidinophenylthiocarbamide”’ is really identical with the acetyl 
derivative of the related thiodiazole. 

(17). Ultraviolet Absorption Spectra of the N-p-Tolylformamido-N’-p-tolyl- and 
N-p-Phenetylformamido-N’-phenylthiocarbamide and their Oxidation Products, the 
Thiodiazoles.—The substance (0.00004 g.! was dissolved in 10 c.c. of absolute alcohol 
and ultraviolet absorption was recorded on a Beckman DU _ spectrophotometer. 
The curves are shown on the accompanying graph. ‘The curves for formamido- 
thioureas are similar to that obtained for N-phenylformamido-N’-phenylthiocar- 
bamide and those of their oxidation products are similar to that of 3:5-diphenyl- 
amino-1 : 2 :4-thiadiazole. 

Thanks of the author are due to Dr. R. H. Sahasrabudhey for his keen interest, 
to Prof. G. B. Singh and to the authorities of Banaras Hindu University for facilities and 
to the Ministry of Scientific Research and Cultural Affairs, Government of India for a 
scholarship. 
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SUBSTITUTION IN 5-n-PENTADECYLRESORCINOL 


By SInpHU PARKHI AND SURESH SETHNA 
s-n-Pentadecylresorcinol undergoes condensation with ethyl acetoacetate and malic acid to yield 
s-hydroxycoumarin derivatives. On carboxylation, the Gattermann formylation and the Friedel-Crafts 


acetylation, the substitution also takes place in 2-position. 


Substitution in a few 5-substituted resorcinols, such as orcinol, 2-resorcylic acid 
and 5-methoxyresorcinol, has been studicd by various workers, and either 2- or 4-subs- 
tituted derivatives or mixtures o° both have bzen obtained (Weselsky, Ber. 1874, 
1, 439; Gattermann and Kobner, Ber., 1899, 32, 279; Robertson and Robinson 
J. Chem. Soc., 1927, 2196; Collie and Chrystall, ibid., 1907, 91, 1804; Meyer, 
Monatsh., 1887, 8, 430 ; Mody and Shah, Proc. Ind. Acad. Sci., 1952, 384A, 77; Grove 
etal., J]. Chem. Soc., 1956, 1956). It was thought of interest to extend this study toa 
resorcino! derivative, such as 5-n-pentadecylresorcinol (I: R="D), with a long alkyl 
chain in §-position. 

The compound (I; R=H) on condensation with ethyl acetoacetate in presence 
of either sulphuric acid or phosphorus pentoxide afforded a product in good yield 


which furnished a yellow sodium salt with alkali without any fluorescence and which 


did not yield any styrene derivative with benzaldehyde. It has been assigned the 


5-hydroxy-4-methyl-7-n-pentadecyleoumarin structure (IT). 

On carboxylation (I: R=H) furnished a monocarboxylic acid which on the Pechmann 
condensation with ethyl acetoacetate afforded a product which did not yield a styrene 
derivative. On decarboxylation it gave rise to a product which showed blue fluorescence 
with sulphuric acid. It was different from the 5-hydroxy-4-mettyl-7-n-pentadecyl- 
coumarin, described above. It has therefore been assigned the 7-hydroxy-4-methyl-5- 
n-pentadecyleoumarin (III: R=H) structure. The acid is therefore 7-hydroxy-4- 
methyl-5-n-pentadecylcoumarin-8-carboxylic acid (III: R=COOH) and the phenolic 
acid is 2 :6-dihydroxy-4-n-pentadecylbenzoic acid (I: R=COOH). 

The compound (I: R=H) on the Gattermann reaction furnished a formyl derivative 
which on methylation and oxidation with alkaline permanganate yielded an acid, 
identical with 2:6-dimethoxy-4-n-pentadecylbenzoic acid. The formyl derivative on 
the Knoevenagel condensation with ethyl acetoacetate furnished a coumarin which 
produced a yellow sodium salt with sodium hydroxide, indicating that it was a 
5-hydroxycoumarin derivative. The formyl derivative has therefore been assigned 
the 2:6-diliydroxy-4-n-pentadecylbenzaldehyde structure (I: R=CHO). On the Perkin 
acetylation this aldehyde afforded a product which did not exhibit any fluorescence 
with concentrated sulphuric acid and developed a yellow colour with sodium hydroxide 
solution. It was found to be identical with the compound obtained on the Pechmann 
condensation of (I: R=H) with malic acid. It is therefore assigned the 5-hydroxy 7- 


n-pentadecylcoumarin structure, 
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The compound (I: R=H) on the Friedel-Crafts acetylation with acetyl chloride 
(x mol.) furnished a ketone which, on methylation and oxidation with alkaline per- 
manganate, afforded 2:6-dimethoxy-4-n-pentadecylbenzoic acid. Hence, the ketone is 
2 :6-dihydroxy-4-n-pentadecylacetophenone (I: R=COCH;). On further reaction with 
acetic anhydride, as also on the Fries migration of 5-n-pentadecylresorcinol diacetate, 
a diacetyl derivative was obtained. This must be 2: 4-diacetyl-5-n-pentadecylresorcinol. 


O | O 
Me.(CH,) co Ho—Z\“~\co 


\ZCH 
| C.Me 

(CH,),4.Me (CH,),,.-Me 


(I) (II) (III) 


*EXPERIMENTAL 


5-Hydroxy-4-methyl-7-n-pentadecylcoumarin.—A mixture of 5-n-pentadecylresor- 
cinol (2 g.), ethyl acetoacetate (2 g.) and H,SO, (conc., 8 c.c.) was left overnight. 
The product, obtained on pouring it in ice, was crystallised from rectified spirit in 
yellowish needles (1.3 g.), m.p. 142-43°. It dissolved in H,SO, (conc.) with a yellow 
colour without any fluorescence and afforded sodium salt in NaOH solution. (Found: 
C, 78.3; H, 10.2. C.;H;,0; requires C, 77.7 ; H, 9.9%). 


.The same product was obtained when a mixture of 5-n-pentadecylresorcinol (1 g.), 
ethyl acetoacetate (1 g.) and P,O; (4 g.) was kept for 3 hours and then poured on ice. 


The acetyl derivative was crystallised from rectified spirit in needles, m.p. 89-91°. 
(Found: C, 75.2; H, 9.1. CorHoO, requires C, 75.7 ; H, 9.4%). 


The methyl ether was prepared by refluxing the acetone solution of the substance 
with dimethy! sulphate in presence of anhydrous potassium carbonate. It was crystal- 
lised from rectified spirit in colorless needles, m.p. 85-86°. (Found: C, 77.5; H, 
9.6. C2¢H.oO; requires C, 78.0 ; H, 10.1%). 


2 :6-Dihydroxy-4-n-pentadecylbenzoic Acid.—5-n-Pentadecylresorcinol (10 g.) was 
thoroughly mixed with potassium bicarbonate (20 g-) and anhydrous glycerine (20 g.), 
and the reaction mixture was heated in an oil-bath in a current of carbon dioxide at 
115-20° for 5 hours. On cooling, water was added and the reaction mixture was 
acidified with HCl. The product obtained was crystallised from dilute alcohol in shining 
needles (6g.), m.p. 136-38°. It developed a blue coloration with alcoholic ferric 
chloride. (Found: C, 72.84 ; H, 9.20. CasH 3.0, requires C, 72.49 ; H, 9.06%). 


Methyl 2:6-Dimethoxy-4-n-pentadecylbenzoate.—The above acid (0.5 g.) wa: 
refluxed in acetone solution with dimethyl sulphate (1 g.) and potassium carbonat: 


* All the melting points are uncorrected. 
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(1.5 g.) for 15 hours. The product obtained was crystallised from alcohol in shining 
needles, m.p. 42-43°. (Found: C, 73.24; H, 10.20, C.;H420, requires C, 73-85 ; H, 
10.41%). 
2:6-Dimethoxy-4-n-pentadecylbenzoic Acid.—The above ester was hydrolysed by 
refluxing with alcoholic potash (10%). The acid obtained was crystallised from rectified 
spirit in needles, m.p. 88-89°. It did not show any coloration with alcoholic ferric 
chloride. (Found: C, 74.14; H, 10.27. C,HioO, requires C, 73.57; H, 10.27%). 
7-Hydroxy-5-n-pentadecyl-4-methylcoumarin-8-carboxylic Acid.—A mixture of 2 :6- 
dihydroxy-4-n-pentadecy!benzoic acid (1 g.), ethyl acetoacetate (1g.) and H,SO, 
(conc., 4 c¢-c.) was kept overnight and then heated for 4 hours at 60-70°. The product, 
obtained on pouring it on crushed ice, was crystallised from alcohol in shining needles, 
m.p. 180°, It dissolved in H,SO, (conc.) and alkali without any colour. (Found : 
C, 72.36; H, 8.35. CasH 3,0; requires C, 72.52 ; H, 8.90%). 
7-Hydroxy-5-n-pentadecyl-4-methylcoumarin.—The above acid was decarboxylated 
by heating with quinoline and copper powder at 180° for 15 minutes. The product, 
obtained on pouring the reaction mixture into excess of HCI (dil.), was crystallised 
from rectified spirit in needles, m.p. 127-28°. It developed a blue fluorescence with 
H.SO, (cone.). (Found: C, 77.10; H, 9.70. C2sH3s,0; requires C, 77.67 ; H, 9.91%). 
2 :6-Dihydroxy-4-n-pentadecylbenzaldehyde.—Dry hydrogen chloride was passed 
through an externally ccoled mixture of 5-n-pentadecylresorcinol (ro g.) and zinc cyanide 
(20 g.) in dry ether (100 c.c.) for 5 hours. ‘The reaction mixture was kept overnight. 
Ether was then removed and the pasty mass obtained was boiled with water for about 
an hour. The product separating was crystallised from rectified spirit in needles 
(4.g.), m.p. 9§-96°. It showed adeep red coloration with alcoholic ferric chloride. 
(Found : C, 75.92 ; H, 10.61. C.2H,.O; requires C, 75.81 ; H, 10.41%). 


The dimethyl ether, prepared as before, crystallised from dilute alcohol in needles, 
m.p. 66°. (Found: C, 75 28; H, 10.59. Co«HaoOs requires C, 76.55; H, 10.71%). 

The dimethyl ether (0.2 g.), suspended in water, was refluxed for 2 hours with a 
solution of potassium carbonate (0.5 g.) and potassium permanganate (0.5 g. im 15 c¢.c. 
of water). The product obtained on acidification was crystallised first from petroleum 
ether and then from rectified spirit in needles, m.p. 88-89°. Mixed m.p. with 2 :6-di- 
nethoxy-4-n-pentadecylbenzoic acid, described before, was not depressed. 


5-Hydroxy-7-n-pentadecyl-3-acetylcoumarin.—To a cooled mixture of 2:6-di- 
hydroxy-4-n-pentadecylbenzaldehyde (0.5 g.) and ethyl acetoacetate (0.7 g.) a few drops 
of piperidine were added. After keeping the reaction mixture overnight, HCI (dil.) 
was added. The product obtained was crystallised from rectified spirit in yellowish 
needles (0.3 g.), m.p. 150-52°. It did not exhibit any fluorescence with H,SO, (conc.). 
With alkali it formed a yellow solution without any fluorescence. It did not develop 
any colour with alcoholic ferric chioride. (Found: C, 75.45; H, 8.70. CocHssO« 
requires C, 75.32 ; H, 9.24%). 

5-Hydroxy-7-n-pentadecylcoumarin.—A mixture of 5-n-pentadecylresorcinol 
(3.2 g.), malic acid (1.33 g.) and H,SO, (conc., 6.4 c.c.) was heated at 7o—80° for 
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3 hours. The product, obtained on pouring it in ice, was crystallised from rectified 
spirit in shining needles, m.p. 125-27°. It developed a yellow colour with alkali. 
(Found: C, 77.25 ; H, 9.57- C2:H3s0; requires C, 77.37; H, 9.74%). 


The same coumarin was obtained when 2 :6-dihydroxy-4-n-pentadecylbenzaldehyde 
(0.5 g.), sodium acetate (2 g.) and acetic anhydride (5 c.c.) were refluxed in an oil-bath 
at 180° for 8 hours and the reaction mixture worked up as usual. 


2 :6-Dihydroxy-4-n-pentadecylacetophenone.—To 5-n-pentadecylresorcinol (16 g, 
0.05M) in nitrobenzene (60 c.c.) anhydrous aluminium chloride (13.3 g-, 0.1M) in 
nitrobenzene (20 c.c) was added, followed by acetyl chloride (3.95 g.,0.05M). The 
reaction mixture was kept for 45 hours at room temperature. The product, obtained 
on decoinposition with cold HCl and removal of nitrobenzene, was crystallised from 
acetic acid in needles (4 g.), m-p. 74-76°. It developed a red coloration with alcoholic 
ferric chloride. (Found: C, 75.63; H, 10.75. CzsHasO; requires C, 76.19; H, 10.57%). 

The dimethyl ether was prepared as before, b.p. 260°/10 mm. (Found: C, 77.42; 
H, 10.93: C2sH..0; requires C, 76.91; H, 10.76%). On oxidation as before, it 
afforded 2 :6-dimethoxy-4-n-pentadecylbenzoic acid, described above. 


2 (8 g., 0.025M) 
and acetic anhydride (5.1 g., 0.0;M) in nitrobenzene (20 ¢.c.) were treated with 
anhydrous aluminium chloride (10 g., 0.075M) in nitrobenzene. The reaction mixture 
was kept overnight and worked up as usual. The product obtained was crystallised 
from acetic acid in shining needles (1.5 g.), m.p. 60-62°. It showed a red coloration 
with alcoholic ferric chloride. (Found: C, 73.00; H, 9.71. CyssH4oO, requires C, 
74.25; H, 9.90%). 

The same product was obtained when 2 :6-dihydroxy-4-n-pentadecylacetophenone 
(2 g.) was heated with acetic anhydride (1.5 g.) and anhydrous aluminium chloride 
(3.5 g.) in nitrobenzene (50 c.c.) on a steam-bath for 6 hours and also when 5-n-penta- 
decylresorcinol diacetate (Kawamura, J. Chem. Soc., Japan, 1928, 8, 103) (2 g.) in nitro- 
benzene was kept with anhydrous aluminium chloride (1.33 g-) for 20 hours at room 
temperature and the reaction mixture worked up as usual. 


Thanks of the authors are due to the Irvington Division of the Minnesota Mining 
and Manufacturing Co., New York, for the gift of 5-n-pentadecylresorcinol. One of 
them (S.P.) thanks the M.S. University of Baroda for the award of a research assis- 
tantship. 
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STUDIES ON THE INTERACTION OF H-CLAY WITH ALKALI 
AND NEUTRAL SALTS BY MEANS OF ACTIVITY 
DETERMINATIONS 


By Saroy KuMAR BOSE 


The exchange equilibria represented by the systems: (é) H-clay + MOH, (it) H-clay + MCI and 
(iii) M-clay + HCl, have been studied at different electrolyte concentrations by measuring the ionic 
activities with the help of clay-membrane and glass electrodes, 

The neutralisation curves (A) with the three bases, viz., sodium, potassium and calcium hydro- 
sides, show a gradual rise of PH till about 90% neutralisation, when a sharp rise is observed. 
The metal-ion activity curves show a small initial lowering, followed by a sharp rise, on further 
addition of alkali. Addition of hydrochloric a-id to the base-saturated clay increases both the 
hydrogen-ion and the metal-ion activities very sharply. The corresponding curves cbtained for 
the reverse reaction, by the addition of neutral salts to hydrogen clay, show a _ very slow rise, 
excepting in the potassium system, of hydrogen-ion activity, but a sharp rise in metal-ion activities 


The study of the interaction between hydrogen-clays and electrolytes, either 
bases or neutral salts, by means of activity determinations involves the measurement 
of ionic activity in a binary mixture (Mitra, D.Phil. thesis, 1954 ; Chatterjee and 
Marshall, J. Phys. Coll. Chem , 195¢, 54, 671). The method of doing this by employing 
the membrane electrodes has been outlined in previous communications (Bose, J. Indian 
Soc. Soil Sci., 1955, 8, 65, 109). 


The present paper is concerned with the study of the reactions represented by 
the systems: (i) H-clay + MOH, (ii) H-clay + MCI and (iii) M-clay + HCl (where 
M stands for sodium, potassium and calcium ions), from measurement of cationic 
activities using clay-membrane and glass electrodes. 


The neutralisation of H-clay, as depitced by (i) above, is as usual followed 
by the measurement of pH. Marshall etal. (Colloid Chemistry of Silicate Minerals, 
1949) introduced, along with pH, the measurement of activity of the metal ion 
of the base. The neutralisation reaction has generally a high equilibrium constant 
and the reverse reaction, which is nothing but hydrolysis, has therefore not been 
studied in this paper. The reversible reactions, represented by 


H-clay + MCl = M-clay + HCl 
cover (ii) and (iii! and have been studied from the forward as well as the reverse 
directions, using the chlorides of sodium, potassium and calcium. H’*-ion activity 
alone is measured by using glass electrodes and the combined metal-ion and H*-ion 
activities by using the clay-membrane electrodes. The mobility ratios, Una/Un, 
Ug/Un and Uca/Un, are calculated as usual from the observed E.M.F. with solutions 
of known hydrogen- and metal-ion activities by means of the simplified equations : 


Ey. = RE,  Unacey @ 
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2F 2aca Uca/Un (i) 


ExPERIMENTAL 


For the neutralisation reaction, electrodialysed hydrogen clay (2¢.c. containing 
0.11 g. clay), obtained from Padegaon soil (the clay contains montmorillonite 
as the only clay mineral), was taken in each of a series of bottles. Increasing 
amounts of sodium, potassium and calcium hydroxides were respectively added to 
each bottle and the contents made up to 20c.c. and kept for 2 days with occasional 
shaking before the activity measurements were carried out. The total ionic activity 
of the sol was measured by means of the clay-membrane electrode and H?-ion 
activity by means of a glass electrode. From the measured E.M.F. against a 
known cation activity, the activity of the sodium, potassium or calcium ion in 
the mixture was calculated with the help of the equations: 


RT a'Na(K) 


Evts = 
a F aN (K) x Un 
Ew. = 


2F + (Un /Ucs).ai} 


a'xa(k) and a'ca are known and Un/Unax) and Uy /Uca are obtained from separate 
measurements, as mentioned above, within the particular activity range. From 


the observed ai and Exbs, @Na(K) and ac, have been calculated. The cation activities 
and pH are plotted against milliequivalent base in Figs. 1-3 (graphs A & B). 


Fic. 1. 


Membrane used - P,c.7 (67) 
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mc For the purpose of studying the reversible systems, represented above, sodium 
(it) clay, potassium clay and calcium clay were prepared separately by adding, respectively, 
to the electrodialysed hydrogen clay amounts of sodium hydroxide, potassium 
hydroxide and calcium oxide equivalent to the b.e.c. of the clay. The mixtures 
were kept in stoppered bottles for 8 to 10 days with occasional shaking for 


Ling equilibrium. Known amounts of the clay sol were then taken in stoppered bottles 
nite and calculated amounts of HCl were added in each. After making up the volume 
sing to 20c.c. with water, the contents of the bottles were allowed to equilibrate 
| to with occasional shaking for 48 hours. The ionic activities were measured in the 
onal way mentioned above. The data for the reverse reaction were similarly obtained 
vity by adding to the hydrogen clay sol calculated amounts of sodium, potassium and 
-ion calcium chlorides resp2ctively. The results for the forward reactions are graphically 


ta shown in Figs. 1-3 (Curves E & F), and for the reverse reactions by the Curves 
in Cand D. 
Fis. 2 Fic. 3 
Membrane used — T.Ca.6(2). 
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DISCUSSION 


The neutralisation curves in all the three systems are almost similar t> that 
reported by the earlier workers in the case of montmorillonites, viz.,a slow graded 
rise followed by a sharp rise at about 90% neutralisation. The activity curves 
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show an initial lowering of the metal-ion activity, followed by a somewhat flat region 
and then a sharp rise on further addition of alkali. The ax curve is an exception in that 
the flat portion is absent, but it exhibits a sharp minimum at about 40% neutralisation. 


The lowering of PH on the addition of HCl to the base-saturated clay is fairly 
sharp at the beginning, but afterwards the curves run somewhat flat. Potassium 
clay is again an exception, which shows a uniformly steep lowering of PH. ‘The 
metal-ion activity curves show a steep rise except in the case of ae. which gradually 
rises in the beginning, passes through more or less a constant value and finally rises 
fairly sharply towards the end. 


On the addition of neutral salts to hydrogen clay, the pH value changes very 
slowly excepting in the case of potassium system, where it sharply drops, corres- 
ponding to an addition of about rooim.e. KCi. The metal-ion activity, however, 
increases with the addition of electrolytes. 


Author’s thanks are due to Dr. S. K. Mukherjee, formerly of the University 
College of Science and Technology, Calcutta, for his guidance and for providing 
laboratory facilities, and to Principal A. K. Sen, City College, Calcutta, for his kind 
interest. 
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STUDIES ON THE METAL COMPLEXES OF HYDROXAMIC ACIDS, PART V. 
CO-DETERMINATION OF IRON AND MANGANESE WITH 
ANTHRANILOHYDROXAMIC ACID 


By R. L. Dorra 


Anthranilohydroxamic acid (2-aminobenzohydroxamic acid) has been studied as a colorimetric 
reagent for co-determination of iron and manganese. Iron (ferric or ferrous) has been estimated 
by measuring the optical density of the orange-red complex (Amaz 450 mz) extracted from aqueous 
medium at PH 45 with butyl’, alcohol. Manganese is then determined in the aqueous layer with 
the same reagent at pH above 9.2, when a wine-red complex (Amax 490-500 ms) is formed. A smooth 
separation and co-determination of iron and manganese have thus been possible. An amount 
of iron, as high as 25¢ times that of the manganese, does not offer any difficulty. 

Nicotino- and isonicotinohydroxamic acids have been recommended by the author 
(this Journal, 1957, 34, 311) as sensitive and useful reagents for the spectrophoto- 
metric determination of manganese by making use of the red-violet complex formed 
at or above pH 9g. Interference due to copper, cobalt, nickel and silver was 
eliminated by the careful addition of sodium cyanide. However, the method failed 
in the presence of iron as iron developed with these reagents at or above PH 4 
a strong golden yellow colour, which persisted even in the alkaline range. The 
iron complexes in these cases were found to be only partially extractable with 
higher alcohols. Picolino- and quinaldino-hydroxamic acids (Dutta,  ibid., 
1950, 36, 339), on the other hand, formed easily extractable iron complexes, but 
produced no suitable colour reaction with manganese. A_ satisfactory separation 
and simultaneous determination of iron and manganese were therefore not possible 
with any one of these pyridino- or quinolino-hydroxamic acids. 


A study of anthranilo-(2-aminobenzo)hydroxamic acid has now been made in 
an effort toexamine the modifications in properties which might result from the sub- 
stitution of the acidic OH group of salicylohydroxamic acid (Ray and Bhaduri, 
Z. anal. Chem., 1957, 154, 103) by a basic NH, group. The notable modification 
in its properties over those Of salicylohydroxamic acid was the formation of the wine-red 
manganese complex in alkaline medium. Salicylohydroxamic acid produced under 
similar conditions u greenish brown colour. Anthranilohydroxamic acid produces 
with ferric or ferrous iron an orange-red coloured complex above fH 4. The 
complex can be readily extracted with higher alcohols at pH 4 to 7. In the mixture 
containing iron (ferric or ferrons) and m:nganese, excess reagent is added, pH 
adjusted to 4-5 and the iron complex extracted with butyl‘ alcohol, and the optical 
density measured at 450 mp. In the aqueous layer, PH is brought to above 9 and 
after shaking and keeping for a few minutes, the optical density of the wine-red 
colour is determined at 490-500 mp. 

A satisfactory separation and estimation of iron and manganese in a mixture 
have thus been possible. Even a large amount of iron, as high as 250 times that 


of nianganese, does not pose any problem. 
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The reagent, anthranilohydroxamic acid, is prepared by the interaction of hy- 
droxylamine and methylanthranilate. Preparation of this reagent is simpler than that 
of the pyridinohydroxamic acids as in the present case the ester, methy! anthrani- 
Jate, isa readily available commercial product. 


EXPERIMENTAL 


Scott and Wood (J. Org. Chem., 1942, 7, 515) prepared anthranijohydroxamic acid by ‘ 
the interaction of hydroxylamine and methylanthranilate in aqueous alcoholic medium. . 
The reaction was found to be very slow and it was therefore modified. (1 

Sodium Salt of Anthranilohydroxamic Acid.—Hydroxylamine hydrochloride (35 g.) - 
was treated in ethyl alcoholic medium with sodium ethoxide (11.5 g. sodium) under 
mechanical stirring. After 2 hours, the precipitated sodium chloride was filtered off and 
the filtrate treated with methylanthranilate (35 g.). After an hour's stirring more 
sodium ethoxide (5 g. solium) was added and stirring continued for 3 hours. The 
mixture was then cooled and the sodium salt of the anthranilohydroxamic acid 
filtered. It was purified by dissolving it in the minimum amount of hot water and 
then reprecipitating it in the cold with the aid of an equal volume of acetone. 
The substance forms shining colorless crystals, highly soluble in water, yield 
12g. (Found: Na, 11.82; H,O, 10.12. C,;H,O,Na.H:O requires Na, 11.97 H,0, 
9.37%). [Found (anhydrous compound): N, 15.71. C;H,O,N,Na requires N, 16.09% ]. 
It responds to all the usual reactions of hydroxamic acid. Its colour reactions towards 
vanadium, iron, manganese and molybdenum were highly sensitive. An aqueous 
solution (1-4%) of the reagent was prepared in water. ‘The stronger solutions were 
used when the mixture to be analysed contained a considerable amount of iron. 


Determination of Iron.—Ferric or ferrous iron was determined by measuring 
the optical density of the orange-red complex formed in aqueous medium between 
iron and the reagent, at Amax 450 mp within the pH range 4 to 7. Alternatively, the 
coloured complex was extracted out of the aqueous medium (pH as above) by th 
butyl’ alcohol and the measurement made at Amsx 450 mp against the same solvent. sh 
Beer’s law was obeyed (Sandell sensitivity 0.0147). Vanadium interferes seriously. 7 
As with other hydroxamic acids (loc. cit.) in presence of small amounts of Ti, 
U or Mo, measurements are to be made at 500 mp, 

Determ nation of Manganese.—The manganese solution was treated with an 
excess reagent, PH adjusted to above 9.2 with ammonia, and the solution shaken for i 
a few minutes, when a wine-red colour developed. Optical density was measured . 
at 490-500 mz. Beer’s law was followed (Sandell sensitivity o.or3y). Interference 
due to copper, nickel and cobait was eliminated by the careful addition of sodium 
cyanide, followed by the reagent and ammonia and measuring the optical density 
after 30 minutes of the addition of the reagent. In presence of moderate amounts 
of vanadium and molybdenum and small amounts of titanium and uranium, excess 
ammonia was used, and the colour measured at 550 ms. “ 

Delermination of Iron and Manganese in presence of one another.-—Excess reagent 
was added to the mixture containing iron aud manganese (a total of 15 c.c. of 4% 2. 


al 

fc 
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reagent solution being used for, a mixture containing 25.6 my. of Fe and 0.2 mg. 
of Mn) and the pH of the solution (volume about 20-40 c.c.) was now adjusted 
approximately to 4-5 (PH paper). The red-coloured complex, which remained in 
solution when the iron content was below 2 mg. (or else precipitated out of the solution), 
was then extracted with butyl’ alcohol. For a total iron content of 25.6 mg., 
four extractions (8 c.c. each) were sufficient. The extracts were collected and volume 
made up to 25 or 50¢.c., depending on the amount of the iron. In the case of 
a strong colour an aliquot from this extract was further diluted with butyl’ alcohol 
and finally the optical density measured at 450 mp in a cell of suitable thickness 
(rcm or 0.5 cm cell). From a knowledge of the Beer’s law curve of iron, the 
amount present in the sample was evaluated. 


FIG. 1 


Beer's law curves, 


AY 
ost 


The aqueous extract was then transferred to a 25 or 50 c.c. flask, a few c.c. more of 
the reagent were added, if required, the medium was made ammoniacal, the solution 
shaken for a few minutes, and the mauganese content determined from the O.D, 
measured at 490-500 mp (1 cm cell), Results are recorde! in Table I. 


TABLE I 


Determination of iron and manganese by anthranilohydroxamic acid. 


Fe present (total), Mn present (total). le found. Mn found. 
0.200 (I’e3*) mg. 0.200 mg. 0.206 mg. 0.202 mg. 
0.400 0.100 0.402 © 102 
0.800 0 100 0.795 0-104 
1.600 0.100 1.620 © 097 
3.200 0,100 3.220 0.104 
6.400 0.100 6.410 0,103 

12.800 0.100 12.800 ©.102 
25.600 0.100- 25.00 0.104 
2.00 (Fe?+) 0.100 2.08 0.102 
2.00 ; 0.200 2 10 0.206 
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The reagent was also found suitable for the spectrophotometric determination 
of vanadium, In 1:1 alcohol (ethyl) medium, traces of vanadium produce at pH 
3 toga red colour (Amax 460-470mu). The coloured complex in aqueous medium at 
PH 3104 is bluish purple and can easily be extracted out with butyl® alcohol and 
optical density of the red coloured extract measured at 460-370 mu. Beer’s law was 
found to hold and Sandell sensitivity worked out to be .o13y. 
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INTERACTION OF CHARCOAL WITH CHLORINE WATER. PART IU 


By Bauwant Rar Puri, O. P. MAHAJAN AND D. D. SINGH 


The interaction of charcoal and chlorine water takes place in two stages. The first stage involves 
the conversion of chlorine into hydrochloric acid and chemisorption of the oxygen by charcoal, 
leading to the formation of CO,-complex. Afterwards, when charcoal is not in a position to che nisorb 
any more oxygen, the reaction involves the formation of hydrochloric and chloric acids, charcoal acting 
asa catalyst. The base-adsorption values of charcoal and the heats of chemisorption of oxygen indicate 
that the CO_-complex formed on original charcoal is different from that on degassed charcual. 


In the previous work reported from these laboratories (Puri et al., this Journal, 
1958, 35, 181) it has been shown that the interaction of charcoal with chlorine water 
involves the conversion of chlorine into hydrochloric acid and chemisorption of the 
oxygen by charcoal. The capacity of charcoal for this reaction was found to decrease 
appreciably on degassing at 750° and 1200°. Some further experiments, carried out 
recently in these laboratories, have shown that the reaction, after the initial stages, takes 
a different trend and that the degassed samples are now more efficient than the 
original samples. The results of these investigations are reported in the present 
paper. The effect of the interaction on the base-adsorption capacity of charcoal and the 
heat evolved during the early stages of the interaction have been also carefully studied. 


EXPERIMENTAL 


Sugar chatcoal, prepared by tle carbonisation of recrystallised cane sugar by means 
of pure sulphuric acid, followed by exhaustive washing with hot distilled water, was 
taken. It was used as such as well as after degassing at 750° and 1200°. A 0.075N 
solution of chlorine in water was used in the various experiments. 


Procedure,—Charcoal (1 g.) was mized with chlorine water (250 c.c,) and the suspen- 
sion shaken mechanically in half-pound bottles, wrapped in thick black papers, for about 
24 hours after which an aliquot of the clear supernatant liquid was examined for 
unconsumed chlorine as well as for the acid formed by the usual analytical methods. 
The supernatant liquid was then replaced by a fresh lot of the solution of the gas. 
The suspension was again shaken for 24 hours and the entire procedure was repeated. 
This was continued till it was found that chlorine water did not undergo any noticeable 
change in its composition on shaking with charcoal for 24 hours, Blank runs, 
without charcoal, were also made, but very little decomposition was observed, as before. 
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The results of these experiments are recorded in Table I. The values are cumulative, 
The acid produced was mostly in solution. Only a small amount was adsorbed by 
charcoal which too could be recovered on washing with hot water. The values recorded 
in Table I represent the total amounts of the acid formed. 


I 


Acid formed and oxygen rendered available during repeated treatments of d'fferent 
samples of sugar charcoal with chlorine water. 


(Results expressed in 


No. of in- Original. 750°-Evacuated. 1220°-Evacuated. 
stalments. Acid Oxygen* rendered Acid formed. Oxygen* rendered Acid Oxygen* rendered 
formed. available. available, formed. available. 
I 12.49 12.16 7.84 7.28 5-32 5.26 
2 26.95 12.75 14-69 10.92 10.30 10.10 
3 34-70 13 36 20.80 11,05 14.92 10 94 
4 39 20 13-40 25.85 11.20 19.10 13 48 
5 39.95 13.49 29.76 11.35 24-93 14.65 
6 39.96 13.40 33-55 11.35 29 75 15 74 
7 , 36.65 11.35 34.80 16.15 
8 one 39-70 11.35 39.75 16.15 
9 41.64 11.35 45-60 16.15 
10 41 75 11.35 51.20 
II ooo ose 57-68 
12 ove ove 61.80 16.15 
14 ims 66.35 16.15 


* Oxygen chemisorbed by charcoal and evolved as COg. * 


_ The oxygen produced during the reaction at each stage was determined, in 
separate lots. as before, by analysing the gaseous mixture above the reaction bottles 
for oxygen, carbon monoxide and carbon dioxide as well as by evacuating the 
charcoal (after washing and drying at 116°) at 1200° and carefully analysing the 
gases evolved. It nay be mentioned that no free oxygen ‘in excess of that known to 
exist normally) or CO or CO, was found in the reaction bottles. The results of the 
evacuation experiments, however, showed that more carbon dioxide was evolved 
from the samples after treatment with chlorine water than before. The amounts 
of CO and H,O evolved remained almost the same. Thus, most of the oxygen 
resulting from the decomposition of chlorine water was chemisorbed by charcoal 
and was disposed as CO,.. The values (cumulative) -are included in Table I. 
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Base-adsorption Capacity.—Charcoal (1 g.) was mixed with 1o0c.c. of 0.25 N- 
Ba(OH), and the suspension shaken mechanically for about 48 hours. The amount of 
unused alkali was determined by titrating an aliquot of the clear supernatant 
liquid against a standard acid solution. 


Thermal Effects. —The heat evolved during the interaction in the early stages was 
determined by the calorimetric technique, described earlier (Puri et al., this Journal, 
1955, 32, 219). Charcoal (5 g.), suspended in 25 c.c. of CO,-free water (to eliminate 
immersional thermal effects), was immersed in chlorine water (200 c.c.), contained in 
the calorimeter, with all the necessary precautions, and the rise in temperature 
was noted by a Beckmann thermometer after every 2 minutes till the rate of 
further rise in temperature became extremely slow. This usually required a little 
more than an hour. The amount of oxygen chemisorbed by the charcoal during 
this interval was determined by evacuating it, after washing and drying, and 
estimating the amount of CO, evolved in the usual manner. Such studies could 
not be made with the charcoal degassed at 1200° as in this case the reaction was 
extremely slow and the rate of the rise of temperature was very small. 


DiscusSION 


It appears from Table I that in the initial stages, the original charcoal has 
the maximum and the 1200°-degassed sample, the minimum capacity for the conversion 
of chlorine into acid. However, the ultimate capacity, determined after exhaustive 
treatment with chlorine water, is maximum in the case of the 1200°-degassed sample and 
minimum in the case of the original sample. The 750°-degassed sample occupies the inter- 
mediate position in either case. It isalsoseen that although the amount of oxygen, 
rendered available during the interaction and chemisorbed by charcoal, becomes constant 
after some time—a fewer treatments being required in the original than in the evacuated 
samples—the formation of the acid continues even after that, and this value becomes 
constant at a much later stage. though sooner in the original than in the evacuated 
samples. This shows that the reaction: 


Cl, + H,O — 2 HCI + (O) (chemisorbed by charcoal) _—... (1) 


as postulated in the earlier paper (loc. cit.), takes place only in the initial stages 
since afterwards there is little or no increase in the amount of oxygen corres- 
ponding to increase in the amount of the acid formed. It appears that after the 
initial stages, the reaction takes the form: 


3 Cl, + 3H,0 > 5 HC! + HCIO, (2) 


It may be pointed out that this reaction is known to take place in the presence 
of platinum (Bray, Z. anorg. Chem., 1906, 48, 217) and appears to take place in 
the catalytic presence of charcoal as well. 

Since the acid values, recorded in Table I, were obtained on titrating an 
aliquot of the supernatant liquid (after removing excess of chlorine) against a 
staadard alkali solution, the chloric acid formed, if any, is also included in the 
same. It was therefore thought of interest to estimate the amount of HCl and 
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HCIO,; separately in some experiments. For this purpose, all the three samples 
of sugar charcoal were subjected to continuous treatment with chlorine water for 
several days. The amounts of HCl and HCIO, formed were estimated by preci- 
pitating aliquots as silver chloride before and after reduction with sulpbur dioxide, 
The values are recorded in Table II along with the values calculated on the 


basis that the reaction according to equation (2) takes place after the reaction, No 
represented by equation (1), comes to ‘“‘stop’’, as indicated by the constant tals 
value of oxygen (Table I). The same milliequivalents of HCl as of the oxygen 
were obviously formed in the first stage. The rest of the acid formed could be 1 
taken as due to the reaction represented by equation (2). Evidently, five-sixth 2 
of it should be hydrochloric acid and one sixth, chloric acid. The experimental values 3 
are seen to be in good agreement with the calculated values. ¥ 

7 

TABLE II 8 

Hydrochloric acid and chloric acid formed in the case of different samples of 
sugar charcoal after repeated treatments with chlorine water. 

Description of Total acid Hydrochloric acid. Chleric acid. rec 
the sample. formed. Found. Calc. Found. Calc. ch 
Original 42.2 1.e./g. 36 00 m.e. 35-730 m.e, 4-20 me. 4.470 m.e. of 

750°-evacuated 41.8 36.25 36.725 5-55 5.075 the 

1200°-evacuated 68.4 59.52 59.692 8.88 8.708 re 

This confirms the view that the interaction of charcoal and chlorine water takes - 

place in two stages, as represented by equations (1) and (2). ‘The chemisorption of os 

oxygen by charcoal takes place only in the first stage. Afterwards when charcoal is not i 

in a position to chemisorb any more oxygen, the reaction takes the form represented : 

by equation (2). Charcoal now does not undergo any change in itself. It merely acts as o 

a catalyst. 

G. Base-adsorption..—It has been shown in some recent work from these laboratories 
(Puri et al., Chem & Ind., B.I.F.R., 1956, 30; Ind. Eng. Chem., 1958, 80, 1071) that 

base-absorption capacity of charcoal is due to the presence of the CO,-complex contained Am 

in it. In fact, the amount of alkali neutralised by charcoal has been shown to be . 

almost exactly equivalent to the amount of CO,, evolved from it. Since the treatment of ( 


charcoal with chlorine water resulted in the chemisorption of oxygen, disposed as CO, 
(Table I) in the initial stages, it was thought of interest to determine the b.a.c. of the 
various samples after the treatment and compare the values with the amounts of 1 
CO, evolved from them on evacuation. The results are represented in Table III 
in terms of m.e./100g. charcoal. It is seen that in the original sample, the two 
values are in fairly good agreement in ali the experiments, as expected. However, 
in the evacuated samples, the base-adsorption value is considerably less than the 
: amount of CO, evolved. This shows that the CO,-complex formed on evacauated 
iS samples is different from that formed on original charcoals in as much as it is . 
uot completely titratable against alkalies. u 
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TABLE III 


B.a.c. of diff. samples of sugar characoal before and after repeated treatmen's 
with chlorine water and the amount of CO, evolved on evacuation at 1200°. 


(Results expressed in m.e./100 g.) 


No. of ins- Original. 750°-Evacuated. 1200°-Evacuated, 

talments. B.a.c. CO, evolved. B.a.c. evolved. B.a.c. CO, evolved 
6 677.8 686.0 Nil Nil Nil Nil 
I 1290.9 12940 85.3 364.0 25.3 263:0 
2 1320 6 1323.5 158.9 546.¢ 87.3 505.0 
3 1350-8 1354.0 220.5 $52-5 186.9 674.0 
4 1357-3 13560 250.6 560 0 268.4 782.5 
5 1356.8 1356.0 265-3 567-5 323 5 787.0 
6 1355.9 1356.0 270.5 567-5 354.0 807.5 
7 mm ve 271.8 567.5 375-5 807.5 
8 380.9 807.5 


B.a. c. denotes base adsorption capasity. 


Heat of Chemisorption of Oxygen.—The results of thermal measurements are 
recorded in Table TV. As the treatment was given with small amounts of 
chlorine and for one hour only, the reactions involved evidently were the liberation 
of oxygen as represented by equation (1) and its chemisorption by charcoal. The 
thermal effect measured is therefore due to both these processes. The heat of 
reaction for the liberation of one mole of oxygen was calculated from the 
known heats of formation of water (liquid) and hydrochleric acid (aq.) and was 
found to be 21.38 K.cal. Subtracting this from the total heat evolved, heat for the 
chemisorption of one mole of oxygen by charcoal was obtained as shown in Table IV 
(last column). It is intersting to note that the heats of chemisorption of oxygen 
obtained in different experiments with the same charcoal are of the same order. 


TABLE 1V 


Heat of chemisorption of oxygen by the originai and 750°-evacuated samples 
of sugar charcoal. 
Oxygen Heat of reaction Heat of reac- 


chlorine duetoreaction evacuating the charcoal chemisorbed. involving tion involving 
(m.e.) (1) liberation and chemisorption 


added (cal.) (m.e./5 g-) 
(m.e.) Before After (2) chemsorption _ of oxygen 
reaction. reaction. of oxygen (K.cal./mole). 


(K.cal./mole). 
Original sample 


10.00 52-50 68,60 71.50 2.90 72.41 51.03 
12.55 80.26 68.60 72 85 4.25 75-54 54.16 
15 00 102.50 68.60 73.60 4.99 82.17 60.79 
18.75 172.38 68.60 77.44 8.84 78.01 56.63 
750°-Evacuated sample. 
8.49 195.59 Nil 2.50 2.50 169.44 148.06 
12 55 160.40 » 3-75 3-75 170.93 149.55 
16.25 180.91 = 4-50 4.50 160.81 139.43 


18.75 313.32 ” 7-55 7-55 165.99 144.61 
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It is also significant that the values obtained are within the limits reported by 
the previous workers who measured the heat of chemisorption of oxygen on different 
types of carbons by direct treatment with the gas at different temperatures 
(Blench and Garner, J. Chem. Soc., 1924, 1:88 ; McKie, ibid., 1928, 2870; Ward and 
Rideal, ibid., 1927, 3117). 


The heat of chemisorption is seen to be more in the degassed sample 


than in the original sample. This again indicates that the complex formed on the ; 
f evacuated samples is different from that formed on the original sample, as mentioned . 
iy before. The higher value in case of the degassed sample may be due to the fixation - 
3 of oxygen at some more active sites created by previous degassing. 
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SOME ADDITION REACTIONS OF AZODICARBONIC DIETHYL 
ESTER. PART I 


By G. S. Misra AND S. B. SRIVASTAVA 


The addition of azodicarbonic diethyl ester with a number of substituted anilines and phenylene- 
diamines has been studied, The acid-catalysed and thermal addition of the azo-ester with several 
B-naphthylalkyl ethers have also been investigated, Phloroglucinol triacetate has been found to react 
with the azo-ester, yielding an adduct at the 4-position. 


Azodicarbonic diethyl ester is a compound of great chemical activity, and as the 

works of Diels, Alder and Stollé show, it can react with various types of compounds 

in several different ways. The azo-ester is a proton acceptor and thus can oxidise 

hydroquinone to quinone and hydrogen iodide to iodine, the stable hydrazine dicarbonic 

diethyl ester being thereby obtained. It can be used as a dienophile in the diene 

synthesis, as has been shown by Alder and Niklas (Annalen, 1954, 585, 81, 97). The 

ability of the azo-ester to add on is best exhibited in its reaction with bases and 

nucleophilic agents ; the azo-ester itself is electrophilic. As an example, the addition 

with aniliue can be cited (Diels, ibid., 1922, 429, 1). : 
In the present work, we have studied the influence of a large number of substituents 

in the benzene ring on the ease with which this nucleophilic addition on the azo- 

dicarbonic diethyl ester takes place. -Anisidine, p-phenetidine, m-4-xylidine and 

phenylenediamines react to afford the expected products. m-2-Xylidine reacts 

abnormally. Here the addition occurs in 5-position (I) because nitrogen atom is flanked 

on both the sides by bulky methyl groups. 


HN—COOEt 
Me N—COORt OAc 
\ne VWF Aco” 
EtUOC—NH N—COOEt 
HN—COOEt 
(I) (II) (111) 


The coniposition of these adducts was determined by decomposition with hydroiodic 
and glacial acetic acids and the preparation of the dibenzoy! derivatives of the reaction 
products, 

Of great interest was the study of the addition of azodicarbonic ester on the 
aromatic nucleus. According to Stollé et al. (Ber., 1924, 57, 1061; J. prakt. Chem, 
1925, 111, 167; 1929, 128, 74), under the influence of acid cataly-ts like hydrochloric 
acid or sulphuric acid, the azo-ester readily adds on to the aromatic nucleus. 
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B-Methoxynaphthalene or nerolin undergoes a quantitative addition of the azo-ester 
in «-position in presence of hydrochloric acid gas to yield the adduct (Il) (Huisgen 
and Misra, unpublished work), The effect of increasing the length of the alkyl chain 
in the naphthyl ether on the ease of the formation of the adduct was examined. Table ] 
records the yields and other relevant data. 


TABLE I 


Reaction of 8-naphihylalkyl ethers and azo-ester in presence of hydrochloric 
acid gas and on heating. 


(Yield in presence of HCl was 100%). 


Yield on % Nitrogen. 
No. Alkoxy group. heating. M.P. Formula. Found. Calc, 

I. OMe 10% 157° ose 
2 OEt 10 115° CisH2O05N2 8.94 8.88 
3 OPr" 8 112° CigHyONq 8 02 8 43 
4. 8 8.82 8.43 
OBu" 5 97° 7-78 8.09 
6 OBu‘ Nil 7.69 8.09 
7 Nil 92° 7.38 7:77 
8 OAmyl* Nil 83° CoH 7 37 7-77 


The effect of heat alone on the formation of the adduct from the 8-naphthylalky! 
ethers was a'so investigated. Identical products, as obtained in the acid-catalysed 
reaction, were cbtained in these cases also. The reaction may be considered to follow 
the following course : 


OR OR HN—COOR 


Table [ shows that these products are obtained in poor yields and that the yield 
registers a decrease as the chain length of the alkyl group is increased. No reaction 
takes place in the case of butyl‘, amyl" and amyl’ ethers. The course of the reaction 
is not certain, but it takes place most probably by a polar mechanism, as the addition of 
small quantities of benzoy] peroxide and benzoquinone has no marked effect on the 
course of the reaction and the yields of the adducts remain unaltered. 

Phloroglucinol triacetate reacts with the azo-ester in 4-position to furnish an 
adduct (III). 


EXPERIMENTAL 
Reaction of Azodicarbonic Diethyl Ester with Substituted Anilines 


p-Methoxyphenyldicarboxydiethyltriazan.—Azo-ester (1 g.) and p-anisidine (1g) 


were taken in a small conical flask and kept for one day at room temperature. 
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The contents became viscous as the anisidine went into solution. ‘The flask was kept in 
a refrigerator for 3 days when the adduct separated as a brown solid. Some ether 
was added to the mixture and the adduct filtered out and dried. It was crystallised 
three times from alcohol, m.p. 190°, yield 1 g. (50%). 


Constitution of the Adducl.—The adduct (1g.}, HI (5 ¢.c.), glacial acetic acid 
(5 c.c.) and red phosphorus (1 g.) were heated together under reflux for 2 hours. 
The mixture was poured in rooc.c. water and filtered. The filtrate was evaporated 
to dryness on a water bath. A slightly yellow-coloured solid remained behind which 
was dissolved in excess of 10% NaOH solution and then benzoylated. The benzoylated 
product was recrystallised from alcohol, m.p. 153°. A mixed m.p. of this product 
with the benzoyl! derivative of p-anisidine did not show any depression. The addition 
is thus on the NH, group. 


p-Phenetidine and m-4-xylidine reacted similarly. The analytical data, m.p. and 
yields are summarised in Table IT. 


TABLE IT 

Amunes Yield. MP. Formula. % Carbon, % Hydrogen. 
Found. Cale. Found. Calc. 

I, p-Anisidine 50% 190° CygH)905N, §2.50 52.52 6.20 6.39 
2.  -Phenetidine 50 206° Cyy4Hy05Na 54-54 54.01 6.73 6.75 
3: m 4-Xylidine 25 265° CyH101N3 56.56 56.94 7-44 7.11 
4. o-Phenylene- 50 162° CisHagOgNg 46 ox 47-36 6.26 6.14 

diamine 

5 m Pe 40 238° CysHgsOgNg 46.88 47.36 5085 6.14 
p- 40 245° CigH Ne 47.16 47.36 6.42 6.14 


2-Amino-: -dicarboxydiethylhydrazino-1 : 3-dimethylbenzene (I).—Azo-ester (1.6 g.) 
and m-2-xylidine (1 g.) were taken in a small conical flask and allowed to remain in a 
refrigerator for 2 days, when the mixture became viscous. After addition of a little 
dry ether, the mass crystallised on rubbing and cooling. It was filtered, washed well 
with ether and crystallised several times from alcohol, m.p. 119°, yield 1.6g. (61%). 
(Found: C, 56.53; H, 7.08; N, 13.98. C,4H20.Ns requires C, 56.94; H, 7.11; 
N, 14.20%). 

The constitution of the adduct was determined in the usual way, as already described 
above. The product obtained on benzoylation was found to be indistinguishable from 
the dibenzoyl derivative of 2:6-dimethyl-1:4-phenylenediamine as a mixed melting 
point determination showed no depression (279°). 


Reactions of the Azo-ester with Phenylenediamines 


1: 2-Dicarboxydiethyltriazanobenzene.—To an ethereal solution of o-phenylenedi- 
amine (r g.), t:ken in a small conical flask, the azo-ester (1.2g-) was added under 
cooling. “The mass became brown and viscous and after a few hours solidified. The 
adjuct was filtered, washed weli with ether and crystallised twice from alcohol, 


m.p. 162°, yield 1.1 g. (50%). 
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The constitution of the adduct’ was determined in the usual way. The m.p. of 
the dibenzoy! derivative of the product showed no depression when mixed with the 
dibenzoy] derivative of o-phenylenediamine (301°). 

Both m- and ~-phenylenediamines reacted similarly. The relevant data are 
summarised in Table II. 


Reactions of tiie Azo-ester with 8-Naphthylalkyl Ethers 


Acid-catalysed Addition of the Azo-ester to §-Ethoxynaphthalene.—8-Ethoxy- 
naphthalene or neonerolin (1 g.) and the azo-ester (1 g.) and a few c.c. of dry ether were 
taken in a small conical flask. A crystal of iodine was added and dry HCl gas was 
passed into it. Ina few minutes the mass became viscous and, on cooling, solidified. 
Some ether was added to aid filtration. The crude product (m.p. r10°) was obtained 
in a quantitative yield. After two crystallisations from dilute acetic acid the product 
melted at 115°. 

Thermal Addition of the Azo-ester to 8-Ethoxynaphthalene.—Neonerolin (1 g.) 
and the azo-ester (1 g.) were heated under reflux in an oil-bath at 150° for 24 hours. 
The viscous product solidified when rubbed with a few drops of acetic acid, m.p. 110’, 
yield 0.2 g. (crude). After two more crystallisations the m.p. of the adduct rose to 115°. 

The constitution of the adduct was determjned in the usual way. A mixed melting 
point determination of the dibenzoy! derivative of the product, obtained thus, with that 
of the 1-amino-2-naphthol showed no depression (224°). 

Other $-alkoxynaphthalenes reacted similarly. The data are summarised in Table I, 


Reaction of the Azo-ester with Phloroglucinol Triacetate 


Azo-ester (1 g.) and phloroglucinol triacetate (1 g.) were taken in a flask. A few 
drops of acetic acid were added to dissolve the triacetate. The contents were heated on 
a water-bath for 2 hoursand then left at room temperature. After 24 hours a white 
solid separated. This was filtered and washed well with ether. The crude product 
melted at 210°. After two crystallisations from dilute acetic acid it melted at 216°, yield 
0.37 g. (18.5%).(Found : C, 50.34; H, 5.40; N, 6.32. requires C, 50.70; 
H, 5.16; N, 6.57%). 

The authors desire to thank the Scientific Research Committee, U. P., for the 
grant of a scholarship to one of them (S.B.S.). They also wish to thank Dr. M. L. 
Dhar and Messers J. Saran and P. N. Khanna of the Central Drug Research Institute, 
Lucknow, for help with microanalyses. 
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WET REDUCTION OF INSOLUBLE CHROMATES OF SILVER, 
LEAD AND BARIUM BY SULPHUR DIOXIDE 


By KunpAN LAL AND RoSHAN LAL KAUSHIK 


In the reduction of insoluble chromates of silver, lead and barium, suspended in water, by 2N H SOx, 
chromium sulphate and dithionate are formed invariably in all the three chromates. Both silver and 
‘ead are fully converted into their sulphites while barium changes to sulphate. Reaction is very 
slow and reaches completion only with silver and lead chromates With barium it stops after some 
time. Formation of some chromium sulphite is detected only in the reduction of barium chromate. 


Reduction of various permanganates has already been studied in this laboratory by 
Lal et al. (this Journal, 1955, 82, 65, 547 ; 1956, 33, 668; 1957, 34, 131). In the present 
communication the reduction of some insoluble chromates has been studied. 


ExPERIMENTAL 


Chromates of silver, lead and barium were prepared, purified and analysed to 
check their purities by standard methods. Fresh samples of 2N sulphurous acid 
were prepared as required. 

To 0.5 g. of these chromates, taken in iodine flasks, 2N-H.SO; (50 ¢.c.) was 
diopped. The flasks were kept in the dark and shaken occasionaily. At different 
intervals of time the contents were filtered in the dark and in an atmosphere of 
nitrogen. The investigations were continued by increasing the intervals of time exactly 
in the same way. 

Each filtrate was freed of dissolved SO, by passing CO,-free air and analysed 
as recorded below. 

The filtrate from silver chromate responded to tests for chromium (green 
colour), sulphate and dithionate. ‘Traces of sulphite and silver were also detected. 
Sulphite was stabilised against atmospheric oxidation with glycerol. Silver was 
removed by adding v.2N-HC! ina slight excess and the solution left over was made up 
toaknown volume. From an aliquot of this solution chromium was separated as 
hydroxide and estimated by the oxidation method (Sutton, “‘A Systematic Handbook 
of Volumetric Analysis’’, 1935, 2nd ed., p. 214). The resulting solution was used to 
estimate sulphate as barium sulphate in cold. Another aliquot was treated with an 
excess of baryta solution to remove chromium, sulphate and sulphite, if any ; dithio- 
nate in solution was estimated by oxidation and precipitation as barium sulphate 
(Mohammad and Ahluwalia, this Journal, 1941, 18, 309). 

The filtrate obtained in lead chromate reduction responded to tests for chromium, 
sulphate and dithionate along with traces of lead and sulphite. The sulphite was 
stabilised with glycerol. Chromium was separated with lead as hydroxide, dissolved 
in HCI (dil.) and saturated with H.S to remove any lead present there. The solution 
was then boiled to expel H,S, and chromium estimated as before. Sulphate and 
dithionate were also estimated in the usual way. 
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TaBLe I 


Analyses of various reaction mixtures obtained in the reduction of 
Ag.CrO, f0.5 g.) by 2N-H,SO, (50 c.c.). 


Total Cr added = 0.07839 g. ‘Total Ag added = 0.3252 g 


Expt. Interval. AgeCrOy. Crg(SO4)s. Crq!S_g)3. AgySO3. Cr from 
No. unchanged ol. 3,4 & 5, 
I. 19 hrs. 0.40920 g. 0 05090 g. 0.00730 § 0-08046 g 0.07899 g. 
0.40760 0.05120 0.00736 0.08140 0 07873 
2 3 days and 20 hrs. 0.38170 0.06405 0.00034 0.10450 0 07846 
0.38200 0.06620 0.00044 0 10550 0.07908 
3. 8 days and 109 hrs. 0.35320 0.07984 0.01186 0.13130 0.07861 
0.35600 0.07446 0.01137 0.12980 0 07831 
4. 19 days and a1 hrs. 0.13700 0.19540 0.02920 0 32230 0 07868 
0.13650 0.10660 0 02858 0.32280 0.07888 
- 75 days Nil 0.27140 0.04043 0 44680 0.07920 
Po 0.27250 0.04050 © 44720 0 07953 
TABLE II 


Analyses of various reaction mixtures obtained in the reduction of 
PbCrO, (0.5 g.) by 2N-H,SO, (50 c.c.). 


Total Cr added = 0.08046 g. ‘Total Pb added = 0.3206. 


Expt. Intervals. PbCrO, Cro(SqO¢) PbSO3. Cr from 

No. unchanged. col. 3,4 & 5 
21 hrs. 0.18320 g. 017400g. 002606 g. 0.28210 g 0 08030 g. 

0.18180 0.17290 0.02628 © 28280 0.07928 

2. 37 brs. 0.15570 0.10050 0.02783 0.30650 0.08076 

0.15480 0.18909 0.02860 0.306g0 0.07976 

3 61 hrs. 0.10599 0.21500 0.03164 0.35020 0.07972 

0.10779 0.21410 0.03212 0.34880 0.07987 

4. 22 days and 22hrs. 0.06821 0.23550 0.03532 0.38240 0.08028 

0.06733 0.23659 0.03520 0.38470 0.07990 

5. 60 days Nil 0.27630 0.04116 0.44561 0.08083 

a 0.27780 0.04140 0.44600 0.08070 


The filtrate from barium chromate reactions was found to contain chromium, 
sulphate, sulphite and dithionate, which were estimated as above. 


Tasie III 


Analyses of various reaction mixtures oblained in the reduction of 
BaCrO, (0.5 g.) by 2N-H,SO, (50 c.c.). 


Total Cr added = 0.10263 g. Total Ba added = 0.27106 g. 


Expt. Interval BaCrO, Crg(SO3)3. Cre(SgOg),. BaSO,. Cr from 
No. unchanged. col, 3-6. 
Te 3 days and 22 hrs, © 47000 g. 0.00620 g. 0.01413 g. 0.00304 g. 0.02870 g.  0,10306 g. 
0.46930 0.00600 0.01400 0.00293 0.02850 0.'0280 
2. 9 days and 21 hrs. 0.41720 0.01597 0 03810 0 00892 0.07640 0.10313 
0.41700 0-01542 0.03744 0 00goI 0.07710 0.10272 
3- 14 days and 22 hrs. 0.39510 0.01850 0.04920 0.01210 0.09860 0.1031T 
0.39510 0.01920 0.04850 0.02267 0.09900 0.10317 
4. 34 days and 21 hrs, 0.31460 0.03660 0.08460 0.01770 0.17100 0. 10313 
0.31550 0.03820 0,08500 0.01850 0.17120 0.10397 


5. The reaction did not reach completion even after a period of 4 months. 
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The precipitate in the earlier stages of the reduction of silver chromate consisted of 
unchanged silver chromate and silver sulphite. Sulphate was absent. ‘Total silver was 
estimated as chloride. Total chromium was estimated from the silver-free solution 
and, thus, the values of silver chromate (unchanged) and silver sulphite were calculat- 
ed. The precipitate in the final experiment was ouly silver sulphite. Its amount was 
determined from silver estimated as chloride 

In the earlier stages of lead chromate reduction, the precipitate was found to 
consist of unchanged lead chromate and lead sulphite only. It was dissolved in 
excess of HCI (dil.) and both lead and chromium, and subsequently lead chromate 
and lead sulphite, were derermined. The residue in the final experiment was 
only lead sulphite. It was quickly dissolved in excess of HCl (dil.), glycerol 
was added and l2ad and sulphite were estimated by the sulphate and iodometric 
methods respectively. Sulphate was found absent. 

In the reduction of barium chromate, ‘the precipitate was always a mixture of 
unchanged barium chromate and barium sulphate which were separated by treating with 
1:1-HCi and estimated as usual. 

DiscUSSION 


It is quite evident from the analytical data (Tables I—III) that about 90-91% 
of total chromium involved is converied into sulphate and the rest (9-10%) to dithionate. 
The reaction is very slow and the mechanism of various formations may be represented 
by the chain reactions : 


(M or M,)CrO, + H,SO, = (M or M,) SO, + H.CrO, x 2 _ (r) 
2H.,CrO, = Cr,0; + 2H,0 + 30 (2) 
H,SO; + U = H.SQ, x 3 (3) 
Cr.0, + 3H.SO, = Cr.(SO,); + 3H,0 oh (4) 


M and M, respectively represent the di- and the monovalent.metals. The formation of 
chromium sulphate appears to be a product of the interaction of sulphuric acid, an 
oxidation product of sulphurous acid, and chromium sesquioxide, a reduction product of 
chromate ion. Formation of chromium dithionate (about 9-10% of Cr involved) may be 
due to another side reaction as: 

H,CrO, = + CrO, 

CrO, + 3 H.SO, = Cr(SU,),; + 3H,0 x 2 

2Cr(SO 3); = Cr.(S.0,). (5) 


Cr(SO;',; is regarded as an intermediate formation in which the valency of chromium 
remains unchanged. it is further assuined to undergo autoxidation and reduction, 
SO,?~ ions lose one electron each and dimerise to form S,0,*~ whereas each Cr*+ ion 
gains 3 electrons and yields Cr*+ ion. This shows that sulphite is the precursor of 
dithionate. ‘The reaction (5) appears to be dominant when the tendency of 
the reaction to form sulphuric acid is almost negligible; on the other hand, 
when sulphuric ccid is formed in considerable quantity, reaction (4) is favoured. This 
may be ascribed to the greater chances of the reduction of Cr°* (as in H,CrO,) to Cr*+ 
(as in Cr,O;) than to its retaining the hexavalency, as in forming Cr(SOs);, under the 


% 
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reducing influence of sulphurous acid, This may lead to the formation of more 
of sulphuric acid and subsequently of chromium sulphate (reactions 3 and 
4 respectively) than dithionate. The effect of acidity on the formation of dithionate is 
well in line with the observations of Bassett and Henry (J. Chem. Soc., 1935, 914) in 
the oxidation of pyrosulphite by permanganate. 

In addition to reaction (3) above, (M or M,)SO, may partly be oxidised to 
(M or M,)SO,. But in the case of silver and lead salts in the presence of excess of 
sulphurous acid, the reaction continues as: 

(M or M.)SO, + H,SO; = (M or M,)SO, + H,SO, (6) 
because of the sulphites of these metals having less solubilities in sulphurous acid than 
their sulphates. At the same time, the net amount of sulphuric acid formed in the 
reaction remains unchanged, The same does not hold in case of barium sulphate, and 
therefore barium sulphite does not exist among the products of reaction at any stage. 
The formation of chromium sulphite is also observed in the latter case due evidently to 
the sulphuric acid, produced in reaction (3), reacting with barium sulphite in 
preference to chromium sesquioxide, whi:h is left to react with H,SO, as: 

Cr,0; + 3H.SO; = + 3H,O0 (7) 
This reaction will continue till the barium is totally converted into sulphate. 
However, when barium sulphite is completely acted upon, the further production of 
sulphuric acid yields chromium sulphate, as shown in reaction (4). 


The reaction becomes more and more sluggish as the time interval increases. 
This suggests that probably the particles of the unchanged chromates are covered 
by a thin film of the adsorbed metal sulphate (silver, lead and bariu‘n) which interferes 
with the normal course of the reaction. In case of silver and lead chromates, these films 
are again slowly attacked by sulphu.ous acid and the reaction continues till the 
chromates are completely acted upon and the metals are converted into their sulphites. 
Since such a reaction is not possible with barium sulphate, the film of the adsorbed 
sulphate is not eliminated at all. The film continues to grow in thickness till the 
reaction stops. The final stage of the reduction of silver and lead chromates inay be 
represented as: 
58H,SO, + 22(M; or M)CrO,=10Cr,(SO,); + + 22(M. or M)SO,+58H,0 ... (8) 
and from the amount of barium chromate reduced, the reaction may be shown as: 
63H,SO; + 24 + + Cr2(S,0.)s +24BaSO,+63H,0 (9) 


Total silver, lead or barium remains always in the precipitate, each of the 
first two as sulphite and the third as sulphate. Inthe reduction of silver and lead 
chromates, the total sulphate and Cr (III) formed remain in the filtrate, chromium 
being accounted for as sulphate and dithionate, whereas in the reduction of barium 
chromate, total sulphate is distributed among the precipitate as well as the filtrate 
and chromiuin is accounted for as sulphate, sulphite and dithionate. 


CHEMISTRY DEPARTMENT, 
PanjaB UNIVERSITY, Received December 20, 1959. 
HOSHIARPUR. 
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NEW SPECTROPHOTOMETRIC METHOD FOR DETERMINATION 
OF FORMALDEHYDE 


By UMMAID SINGH MAHNOT AND N. C. SOGANI 


Formaidehyde reacts with sulphanilic acid in the PH range of 1.2 to 1.5 to afford a deep wine- 
red, water-soluble compound with an absorption peak at 480my. This has been made the basis 
ofa new, rapid and sensitive spectrophotometric method of estimating formaldehyde. The system 
obeys Beer's law in the concentration range of 9 to65 mg.of ormaldehyde per 1009 c.c. of solution. 
The sensitivity of colour reaction, determine 1 in Nessler’s cyiiaders, is oue part of formaldehyde 
in 4,000 parts of solution. The ratio of two reactants has been determined to be 1:1. The molecular 
extinction coefficient at 480 mz has been determined to be 32.35, and dissociation constant at 25° to be 
3.69 x 1073. 


In a preliminary experiment it was observed that on heating formaldehyde and 
sulphanilic acid at low pH, a deep wine-red, water-soluble compound w7s formed. 
It is very stable and the colour intensity does not change even after 24 hours 
ou keeping. In the present investigation an attempt has been made to us. this 
reaction for the spectrophotometric determination of formaldehyde. Different acids 
were used for adjusting the pH, and sulphuric acid was found to provide slightly 
better results. Time of heating affects the colour intensity, and the optimum period 
has been found to be between 15 and 25 minutes. The molar ratio of formaldehyde 
to sulphanilic acid for constaat maximum absorption has been found to be r: 3, 
The ratio of the two reactants, in the formation of coloured compound, found by 
using Job’s method of continued variations, has been determined to be 1: 1, 


EXPERIMENTAL 


A standard formaldehyde solution was prepared by determinivg the strength of 
formalin volumetrically, using hydrogen peroxide and diluting it to provide 10~?M, 
3mg./c.c. and 4 mg./c.c. solutions. 


On account of the insolubility of sulphanilic acid in water, its sodium salt 


was prepared and a 5% (w/v) solution in water was used. 2.5% H,SO, (v/v) 
was used for adjusting the pH. 


A Bausch and Lomb ‘Spectronic-20’ was used for measurirg the absorption, 
using rem cuvettes. pH measurements were made with a Beckman pH meter 
(model H-2). Visual colour comparisons were made with 50 c.c. Nessler’s cylinders. 
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Spectral Characteristics.—Formaldehyde solution {8 c.c.) containing 4 mg./c.c. was ; 
taken in a 100 c.c. conical flask and ro c.c. of 5% betw 
FIG. 1. (w/v) sodium sulphanilate solution and 10 c.c. of 480 1 
| 25% (v/v) H,SO, were added. The contents of 
the flask were heated on a boiling water-bath for 
? FS about 20 minutes. It was cooled aud made up to cylin 
i 3s roo c.c. ina volumetric flask. pH of this solu. foun 
i be ra tion was 1.5 and the concentration of formaldehyde 
was 32 mg./100 c.c. Absorption was measured at taker 
lifferent wave-lengths using water as blank, of 2. 
Wave-length( mu). Fig. 1 shows the spectral characteristic: of 1.2 3 
formaldehyde-sulphanilic acid compound. ‘The absorption peak is at 480 mp. coole 
Heating Time.—Several samples were prepared as described above, using 6 c,c. distil 
of formaldehyde solution containing 3 img./c.c. Fic. 2. aldel 
These were heated on a boiling water-bath for OF very 
periods varying from 5 to 35 minutes, cooled < : 
and made up to tooc.c. Absorption was 
measured at 480 mp. Fig. 2 shows that absorp- © onan 
tion is maximum between,15 and 25 minutes of 3 -_ 
heating. The time of heating in all subsequent 3 | _ 
experiments was kept at 20 minutes. (9 c 20 23 oe 


Time (mins.). 

Effect of pH.—Solutions containing the same amount of formaldehyde (7 c.c. 
FIG. 3 of 4 mg./e.c.) and 5% sodium sulphanilate 

(10 c.c.) and varying amounts of 2.5% H,S0, 
a were prepared so that pH after dilution ranged 
/ he between 1.0 and 2.0. Remaining procedure was 

5 the same as described above. ‘The range of 
constant maximum absorption is betwecn pH 1.2 
- and 1.5 (Fig. 3), which corresponds to pH 0.6 

| and 0.9 respectively before dilution, The colour 
intensity decreases with the increase of pH and the 
Pi—> solution becomes almost colorless beyond pH 4.2. 

Reagent Concentration and Mole Ratio.—A series of solutions was prepared at about 
Fic. 4 


%Absorption. 


pH 1.3 with a constant concentration of formal- 
dehyde at 9x 10°*Mand keeping formaldehyde ee 

to sodium sulphanilate ratio between 2:1 and | 
2:10. Fig. 4 shows the ratio of formaldehyde 
to sodium sulphanilate for constant maximum 


absorption as I : 3. 


%Absorption. 


Stability of Colour.—A sample was prepared, as am | 
noted above, and absorption was measured at dift- 
erent intervals of time. ‘There was no change In 
absorption reading taken even after 24 hours. M oles reagent | 2 moles HCHO 
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Beer’s Law.—Beeer’s law was obeyed in the concentration range of formaldehyde 
between 9 and 65 mg. per 100 c.c. of solution. Molecular extinction coefficient at 
480 mu was found to be 32.35. 


Sensitivity of Reaction.—Sensitivity of the reaction was determined in Nessler’s 
cylinder in the usual way after preparing the solutions as described above. It was 
found to be 1 of formaldehyde in 40,000 parts of solution. 


Procedure.—A sample of formalin containing 10 to 60 mg. of formaldehyde was 
taken in a 100 c.c. conical flask and 10 c,c. of 5% (w/v) sodium sulphanilate and 1o c.c. 
of 2.5% (v/v) H,SO, were added. The final pH after diluticn should be between 
1.2 and 1.5. The contents were heated on a boiling water-bath for 20 minutes, 
cooled and transferred into a roo c.c. volumetric flask and filled up to the mark with 
distilled water. Absorbance was measured at 480 mp, using water as blank. Other 
aldehydes interfere in the determination of formaldehyde by developing a similar but 
very light colour. 


Fcrmula of the Coloured Compound.—The molar ratio of formaldehyde to sulpha- 
nilic acid in the formation of the coloured compound was investigated by using Job's 
method of continued variations (Ann. chim., 1928, x, 9, 113). The final concentra- 
tion of formaldehyde was varied between 2 x 10°*M!and 18 x 10~*M and pH was kept at 
about 1.4. Fig. 5 shows the curves obtained by applying this method. The maxima at 
0.5 mole fraction reagent indicates the ratio of the two reactants as 1: 1. 
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DISCUSSION 
The dissociation of the coloured compound in solution may be written as: 
Coloured compound = formaldehyde + sulphanilic acid 


Final ,, amb (1-a)C aC aC 


where « is the degree of dissociation and C is the concentration of the coloured 
compound. ‘The dissociation constant K is given by the equation 


The value of x may be obtained from Fig. 4 by the following relationship : 


En — Es _ 49 — 26 
En 49 


= 0.47; 


where Em is the maximum absorption obtained from the horizontal portion of the curve, 
when all the formaldehyde is present in the form of coloured compound, and E, is the 
observed absorption at the stoichiometric molar ratio of formaldehyde to sulphanilic acid. 
The concentration C of the coloured compound is equal to the total concentration of 
formaldehyde, which is 9 x 10°9M. By substituting these values in the above 
equation, the value of K at 25° comes to 3.69 x 107° and the stability constant K’ is 
equal to 2.69 x 10”. 

The authors express their gratitu le to Principal Bhim Sen for providing facilities in 
the college. 


CHEMISTRY DEPARTMENT, 
GOVERNMENT COLLEGE, Received January 16, 1960. 
AJMER. 
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A STUDY OF CALCIUM-BA\IUM ION EQUILIBRIUM 
WITH THE HELP OF MEMBRANE ELECTRODES 


By Kumar Bose 


The membrane electrodes having different mobility ratios for the same pair of cations have been 
utilised for the determination of individual cationic activity in a mixture. The same procedure has been 
applied to the study of the clay system: 

Ca (clay)z + BaCl, = CaCl, + Ba(clay), 


to measure the ac, and ap, in the solution and clay phases of both the forward and backward reactions. 
The variation of aca rises sharply with added barium ions in both the forward and backward reactions, 
but near about the symmetry concentration, the rise is less marked, after which there is again a sharp 
rise. Increase of aBa even in the forward reaction is not so marked, probably because of greater 
alsorbability of barium ions compared to calcium. 

Assuming the mass action law to hold good, the equilibrium constants of the reversible reactions 
have been calculated. For the determination of individual cationic activity of the solid phase as well 
as of the solution phases, these have been separated from each other by centrifugation. ‘The solid 
phase is then redispersed after removal of free electrolytes. The values of the equilibrium constants, 
thus calculated from the observed activities, are found to vary somewhat with the concentration of the 
ad‘ed electrolytes. It may, however, be noted that the calculated activities are rather sensitive 


functions of the observed E.M.F 


The use of clay-membiane eicctrodes, sensitive to divalent cations, has made possible 
studies of exchange equilibrium between calcium and barium ions in clays by means of 
ionic activity determination in a binary mixture (Marshall, ‘Colloid Chemistry of Silicate 
Minerals’’, 1949 ; Chatterjee and Marshall, J. Phys. Coll. Chem., 1950, 54, 671). 
The method of measuring individual ion-activity in a mixture of the two, employing 
clay-membrane electrodes, has been outlined in previous communications (Bose, 
] Indian Soc. Soil Sci., 1955, 3, 65, 109, ; 1957, 5, 141 ; 1958, 6, 233). In the present 
paper the mobility ratios of calcium and barium ions have been evaluated using different 
types of membranes, some of which have subsequently been used for the determination 
of activity of each of these ions in a mixture of the two. The following exchange 
equilibrium reaction involving calcium and barium ions has been studied on the basis 


of ion-activity measurements : 
Ca (clay), + BaCl, = CaCl, + Ba (clay). 


For this purpose activities of Ca** and Ba** ions have been determined in the clay 
as well as in the solution phases, after separating them by centrifugation. 


EXPERIMENTAL 


The experimental procedures regarding preparation, testing and determination of 
kk. M. F., ete. are exactly the same as described earlier (Bose, loc. cit.). From the 
observed E.M.I*. -between barium chloride and a inixture of calcium and barium 
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chlorides of k 1own ionic activities, placed on the two sides of the membrane electrodes, 
the mobility ratio is calculated by means of the simplified relationship : 


Ew = RT In 


+ ay Ucn 


where Eots is the observed E.M.F., and ag, are the known barium and 
calcium ion activities, and Uca/Ups is the mobility ratio. ‘The calculated mobility ratio 
for a number of clay-membraue electrodes are recorded in Table I. 


TABLE I 


Inside ap, = 0.0027, Outside apa = 0.0009. aca = 0.0003. 


*Membrane. E.M.P. Uca/UBa". 
A. A.C.6 (4) 10.5 mv © 967 
B. T.C.6 (2) 10.0 1.257 
Cc. E.H.s 13-5 0.138 
11.5 0.680 


* The membranes A, B, C & D are respectively prepared from Akli, Tinpahari and Kashmir clay. 


The mobility ratios, Uca/Uns, for different membrane electrodes somewhat vary with 
the activity range of the cations. For subsequent calculation of activities in mixtures 
of the ions, those values of mobility ratios have been employed as are close to the range 
of the measured activities, In order to evaluate the individual activities of the ions 
in a mixture, it is necessary to use, as already mentioned earlier (Bose, loc.cit., 1958), 
two membranes having different mobility ratios. The E.M.F.’s of the cells consisting 
of the mixture of calcium and barium ions to be studied and a solution of known 
barium-ion activity, separated by the two different membrane electrodes, are then 
measured and put into the following equations : 


2F + gt 4 
Ba Ca* U dl 
2 U 
Ba Qa Us.Js 


the above two equations may 


With known values of a}, Ei, Es,,, Uce and 


Usa 
be solved for ag, and af,. 


In order to ascertain the accuracy with which the procedure measures individual 
ion activities in a mixture, the determination has first been made with known activity 
mixtures. ‘The results recorded in Table II show that the procedure is quite reliable 
for the range of activities used in the experiments. Calcium and barium clays were 
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prepared by adding respectively calculated amounts of the oxides of calcium and 
barium to an electrodialysed hydrogen clay which was a montmorillionite, isolated 
from a black cotton soil of Padegaon, Bombay. ‘The mixtures were allowed to 
attain equilibrium in stoppered bottles for more than one week with occasional shaking. 

Calcium clay (2 c.c.) was taken in each of 6 bottles and calculated amounts of 
BaCl, were added in each, and made up with water to 30c.c. The contents of the 
bottles were allowed to equilibrate with occasional shakiug for 48 hours. The mixture 
was set against ap, = 0.0027 (inside the membrane electrode which is the negative 
terminal of the cell) and the E.M.F.’s for the same system were measured with the help 
of two clay-membrane electrodes [K.H. 5 and T.C. 6 (2) ; ef. Table III] having respec- 
tively the mobility ratios Uca/Usa equal to 0.138 and 1.257. 

The individual at, and ay, were then calculated by solving the simultaneous 
equations (i) and (ii). 

The relevant data for the reverse reaction were obtained in an exactly similar 


manner. ‘The results are shown in Table III and graphically shown in Figs. 1 and 2. 


Tasie IT 


Ca?" and Ba** ion activities in mixtures of the two ions 
Inside apa = 0.0027. Outside apa = 0.00018. aca = 0.0003. 


Membrane. E.M.F. Uca/UBs. au, au, 
Ca Ba 


A. C. 6 (4) —4.0 mv 0.967 (B-C) 0.0003 0.00017 
T.C. 6 (2) — 305 1.257 (B-D) 0.0003 


K. H.5 —6.0 0.138 (C-D) 0.0003 
(B-A) 0.0003 


K. C.s5 — 4.75 0.680 (A-D) 0.0004 
(A-C) 0.0003 


TABLE III 


BaCl, or CaCl, added (m.e.) ... 20 40 
Ca (clay)g—BaClys 


aca X 108 1.78 3.00 
X 10! oes 1.04 
Ba(clay)g—CaClp. 


° 1-37 2.64 3-86 7.04 4-57 6.11 
0.63 1.54 1-52 1.34 1.42 1.38 


ace X 10! 
aBa X 104 0.15 


For the purpose of evaluating the activity in the clay system, the latter was freed 
from electrolytes by centrifugation and redispersed in 30 c.c. of water, i.e. the original 


‘ 
) 
B. 
0.00017 
4.69 6.27 6.66 8.13 
2.61 1.54 2.22 2.15 
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volume of the mixture, and the activity of the individual ions in the clay phase was 
measured as usual. ‘The results of measurement of Ba** and Ca** ion activities in 
the solution and the clay (Pacegaon) phases are recorded in Tables IV and V and the 
equilibrium constants, calculated on the basis of these data, are recorded in Table VI. 


TABLE IV 


Activity of ions in the solution phase. 


Ra (clay)3—CaCly. 
Ca?*+ or Ba?+ added (m.e.) 20 40 60 80 100 120 
aCa X 104 2.72 5.3 6.6 7.5 8.0 8.25 
aBa X 104 0.72 I.I 1.5 1.99 2.3 3.01 
Ca (clay)g—BaCl | 
aca X 10! 2.28 2899 4:77 679 5-84 9 25 
apa X 10! 0.97 1.49 


TABLE V 


Activity of ions in clay phase. 


Ca®* or Ba?* added (m.e.) 20 40 60 80 100 140 


Ba (clay),—CaCl. 
aCa X 10° 0-76 0.91 1,06 1.3 1.5 
apa x 10° 0.67 0.36 0.49 © 33 0.24 
Ca (clay),—BaCls. 
X 10° 1.43 0.81 1.9 2-27 I.10 1.99 


aBa X 10° 0.52 0.32 0.64 0.83 


DIscuUuSSION 


The mobility ratios of sume of the membrane electrodes, recorded in Table I, are 
fairly different and are therefore quite suitable for the purpose of the measurements 
envisaged here. Of the four, mentioned in the table, only two have been used [K. H. 5 
and T. C. 6/2)] for subsequent activity measurements. It will be seen from the data 
shown in Table II that ac, and ap,, determined in the mixtures, agree well with the 
actual values. 

The calcium and barium on activities in both the forward and reverse reactions show 
more or less the same trend. ace in both the reactions increases sharply from the 
beginning, but near about the symmetry concentration, the rise in activity is less marked, 
After this there is again a sharp rise. apa, however, increases only slightly at the 
initial stage, but remains more or less constant afterwards even in the forward reaction 
in which barium ions are added in increasing amounts. The observed changes in 
activity are in accord with a greater adsorbability of barium compared to calcium ions, 


It will be seen from Tables IV and V that .the variation of the activities is 
almost similar in both the solution as well as in the clay phases. The equilibrium 
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constants of the forward reaction is more or less constant at low concentration range, 
but show a higher value at a high concentration of added barium ions (Table V)). 


TABLE VI 


Total Total 
aBa (soln) (clay) aCa aca (soln) aa (clay) 
x 104, x 104, x 104, x 104, x 104, x10! 


Ca (clayig+BaCl,=CaCl,+ Ba (Clay); (vide Table LI) 
0.99 0.05 1.78 1.64 0.14 
1.86 0.03 3.00 2.92 ‘0.08 
2.55 0.06 4-50 0.19 
1.46 0.08 6.27 6.04 0.23 
2.19 0.03 6.65 6.64 0.18 
2.07 0.08 8.13 7-93 0.20 


Ba (clay), + CaCl, = Ca (clay); + BaCl, (vide Table III) 
1.54 1.50 0.04 2.55 0.09 1.49 0.67 
1,52 1.47 0005 3.86 3-75 0.11 0.85 
1.34 1.31 0-03 7.04 6.91 0.13 0.77. ‘1.13 


On the other hand, the equilibrium constants of the reverse reaction show a gradual 
decrease with increasing concentration of added calcium ions. The reciprocal of the 
‘Constant’ for the forward reaction is also not equal to the equilibrium constant for the 
reverse reaction, but the difference is not large. This is probably due to the similar 
valency states of ions involved, in which case ‘hysterises’ effect becomes indeed quite 
inappreciable (Vanselow, Soil Sci., 1932, 38, 95). Asimilar state of affairs suggested 
itself from a study of the activity curves (Fig. 1 & 2). 


Fic. 1 Fic, : 


Ca-clay + Bact, 
Membranes used (2) + Ba- clay + Caclg 
° 104 


Membranes used 7.C, 6(2)+ KMS. 
4 


a 
x1o* 
60 60 bed 69 80 100 720 
Milltequivalent Electrolyte, Milliogutyatent electrolyte. 


The equilibrium constant calculated above is a measure of the relative bonding 
energies of the ions to the clay system. If, therefore, a true equilibrium exists and if 


I 1.04 
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the bonding energies of the ions participating in exchange are the same in all ranges 
of saturation, the equilibrium constaut is not expected to vary, as it does, in the above 
reactions. However, with similar valency ions the divergence will evidently be much 
less whereas it is likely to be greater with dissimilar valency ions. It should be noted 
that the calculated activities are very sensitive to the observed E.M.F’s of the electro- 
chemical cells. 


The author feels grateful to Dr. 5. K. Mukherjee, D.Sc., formerly of the Department 
of Applied Chemistry, Calcutta University, for providing research facilities and guidance 
and to Prof. A. K. Sen, Principal, City College, Calcutta, for his continued interest 
during these investigations. 
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THE MODERN SINGLE-SCALE PRECISION BALANCE 


TYPE 707 


This modern analytical balance represents a top-level product in the construction of analytical 


balandes 


based on decades of experience. It features a weighing and shifting mechanism, which assures fast and exact 

weighing and trouble-free performance. 
The numerous advantages of the balance assure fast service and faultless reading. 
Due to its simple handling the balance can be operated by anyone. 


Manufactured by 


VEB OSCHATZER WAAGENFABRIK 


German Democratic Republic. 


For further information please get in touch with 


Agents : 


M/s. M. Abbasbhoy & Co. 
66, Canning St., Calcutta 
or with 


The Trade Representation of the German Democratic Republic in India 


122, Dinshaw Wachha Rd , 
Mistry Bhavan, Bombay. 


Branch Offices : 
P-117, Mission Row Extn. 


Faraday House, Cal. 1. 
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‘Phone: 28-4316 


LILICO PRIVATE LIMITED. 
8, MANGOE LANE, CALCUTTA.1, 


Gram: LILICOM CALCUTTA 


DISTRIBUTORS OF 
WHATMAN FILTER PAPERS 
FINE CHEMICALS 


FOR ANALYTICAL, PHARMACEUTICAL, 
PHOTOGRAPHIC, RESEARCH AND TECHNI- 
CAL PURPOSES 


STANDARD STAINS AND INDICATORS: 
PRODUCTS OF M/S. HOPKIN & WILLIAMS 
LTD. & L. LIGHT & CO., LTD. 


AVOSET SUGAR OF MILK (U.S.A.) 
IMPORTERS & DEALERS IN 
FILTER PA! ERS, CHEMICALS, LABORATORY 

REQUISITES APPARATUS ETC. 


Enquiries Solicited from 
IMPORTERS, DEALERS & USERS. 


PLANTS 
HEATING 


IN 


LABORATORY 
INDUSTRY 
KITCHEN 


GANSONS 
PRIVATE LIMITED. 


P.O.B. 5576, BOMBAY.-14 
——Also makers of—— 


Superior Laboratory Fittings 
Atomic Equipments. 


FOR 


LABORATORY 
GLASS APPARATUS 


* 
Sole Selling Agents: 
GHARPURE & CO. 


P.36, ROYAL EXCHANGE PLACE EXTN. 
CALCUTTA-1 
Gram: MEENAMO, PHONE : 22-2061 


BOROSIL 
LABORATORY GLASSWARE 


such as 

FLASKS, BEAKERS, CONDENSERS, MEASCRING | 

FLASKS, MEASURING CYLINDERS, PIPETTES | 

ANY SPECIAL APPARATUS MADE TO DESIGN 
and 


PENICILLIN VIALS, VACCINE BULBS— WHITE 
& AMBER 


ALL OTHER APPARATUS & EQUIPMENT 
MANUFACTURED TO CLIENT'S DESIGN 


INDUSTRIAL & ENGINEERING 
APPARATUS CO. PRIVATE LTD. 


CHOTANI ESTATES, PROCTOR ROAD 
CRANT ROAD, BOMBAY 7 
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For Laboratory Reagent Quality Acids 


To Precise Specifications 


Acid Nitric Acid Hydrochloric 
HNO,:69.8% w/w HC1:35.4% w/w 
Sp.gr. 1.420 at 15°. Sp. gr. 1.180 at 15° 


Acid Sulphuric 
H.SO,:908% w/w 
Sp. gr. 1.840 at 15°. 


Maximum Limits 


of Impurities: 


Non-Volatile Matter : 0.0025 % o ~or % 0.001 % 
Chloride (C1) : 0.0002 %, 0.00007 %, - 
Free Chlorine (C1) : 0.0002 % 
Nitrate (NO,): 0.00002 % 
Sulphate (SO,) : -- 0.0003 % 0.0003 % 


Heavy Metals (Pb): 0.0002 % 
Tron (Fe): 


Arsenic (As) : 


0.0002 % 0.0002 % 


0.0001 % 0.0001 % 


0.0001 % 


0.1 part 0.02 part 0.04 part 


per million per million per million 


Ammonium (NH,): 0.0005 % 


Selenium (Se) : 


Oxygen Absorbed (0): 


0.001 % 


0.00015 % 


We invite orders and enquiries, 
Write us about your requirements 
for other reagent quality chemicals. 


Bengal Chemical & Pharmaceutical Works, Ld. 
CALCUTTA BOMBAY KANPUR 
Office: 6, Ganesh Chunder Avenue, Calcutta-13 


"| 
i 
‘TES & | 
V HITE 
IGN 
ING 
LTD. 


J. I. ¢. S., March, 1660. 


VERY RELIABLE INDIGENOUS SUBSTITUTES 
OF GUARANTEED ANALYTICAL REAGENTS 
MAY BE FOUND IN 


“BASYNTH” 


Brand 
ANALYTICAL REAGENT 


Acid Hydrochloric 
Acid Hydrochloric Fuming 
Acid Sulphuric 
Acid Nitric 
Acid Nitric Fuming 
Acid Acetic Glacial 
Ammonium Hydroxide 
Benzene 
Toluene 
Xylene 
Petroleum Ether 
Amy! Alcohol 
Buty! Alcohol Etc., Eee, 


BASIC & SYNTHETIC CHEMICALS 
PRIVATE LIMITED 


P, O. Jadavpur University, Calcutta-32 


MADE IN INDIA 
HIGH VACUUM ROTARY PUMP 


Single Stage & Two Stage 
With or Without Air Ballasi 


All Indian Materials and Construction 


BASIC & SYNTHETIC CHEMICALS 
PRIVATE LIMITED 


P. O. Jadavpur University, Calcutta-32 


* FOR YOUR REQUIREMENTS 


OF ALL KINDS OF:EQUIPMENTS FOR RESEARCH * 


RAJ-DER-KAR & CO., 


SADHANA RAYON HOUSE, Dr. D. NAOROJI ROAD, BOMBAY-1 


Bransh office : 


44/6, Regal Building, 


Telephone : 26-2304 
Telegram : TECHLAB 


A few of our Agencies : 
* LUDWIG SEIBOLD, Austria, 
For pH Testers, Titrators, 
and Recorders etc. 
EASTMAN KODAK, U.S. A., 


For All Sorts of Complex 
Organic Chemicals. 


Connaguht Place, New Delhi, 


*w.A. TAYLOR & CO ,U.S. A., 
For pH Comparators, Indicators, 
Water Analysers etc. 

* TRACERLAB Inc., U. S. A., 
For Radiochemicals & Equipments 
for Nuclear Research. 
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Phone— 34-3176. Telegrams—Nadiashem!|. 


NADIA CHEMICAL WORKS PRIVATE LTD. 


C 44, 45 & 46, COLLEGE STREET MARKET, CALCUTTA-12. 


Manufacturers of :— 


1. CHEMICAL S—Benzene, Toluene, &c., Bromine, 
Halogen derivatives of both Organic and Inorganic 


compounds and other fine Laboratory Chemicals 


2. STILLS for _ distilling Essential Oils, Alcohols, 
Water, etc. 


RECTIFIERS, CONDENSERS, &c. 


3. OVENS, Baths &c. for Gas, Oil or Electric heatings. 


4. Scientific Apparatus (PHYSICAL, CHEMICAL, 
BIOLOGICAL, &c.) of both Glass and Metal. 


5. MICRO-ANALYSIS APPARATUS. 


Please ask for Estimates. 
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“A Monumental Work Published March 1956 


A book that should find place on the shelves of every Library 
HISTORY OF CHEMISTRY IN ANCIENT & MEDIEVAL INDIA 


Incorporating 


HISTORY OF HINDU CHEMISTRY 
by Acharya Prafulla Chandra Ray 


Edited by Pror, P. Ray 


Royal 8vo. Rexin{bound, 494 pages with 39 illustrations. 
Price ex-postage: Prime Edition:—Rs. 24/- (Inland), Ordinary Edition—Rs. 20/- (Inland) 
£ 2/- or $ 6 00 (Foreign) 
For Fellows Rs. 20/- Rs. 16/- 
An invaluable book for students of science*,and history and to all persons interested in 


the scientific heritage of India. 


PUBLISHED BY THE INDIAN CHEMICAL SOCIETY 


92, Upper Circular Road, Calcutta-9, INDIA. 


Some Opinions : 


Nature, January 5, 1957. 

‘Since there is much new material in the book, all those who are fortunate enough to 
have the earlier edition will wish to have ;he new one. 

All those interested in the History of Chemistry owe a debt of uti to Prof, P. “Ray 


and the Indian Cinemical Society for its publication’’- 
J. R. Partington. 


Journal of Chemical Education, February, 1957: 

Professor Ray, in his carefully construCted revision of Prafulla Chandra Ray's 
standard ‘History of Hindu Chemistry’ has given us a highly informative and interesting des- 
cription of Indian Chemistry, In chronological order, the contributions of Indians to chemistry 
have been recorded from the Harappa pcrciod of the fourth millennium B.C. to the end of 
Mogul culture..........+.++ Many of the ideas described make delightful reading for the average 
chemist with a historical bent............ chemists and historians of chemistry will find in this 
book a valuable assessment of ancient Indian chemit'y and culiure’’. 

ISIS-Vol. 49, p. 362, Sept., 1958. 

sesteeceereeeeesee this new book is very valuable both as a re-edition of an out-of-print 
classic collection of fundamental data and as a presentation of much well illustrated documen- 
tation of Indian achievements in the practical arts in the field of chemistry, according to the 


archeological findings’. 
J. Filliozat. 
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We Wanufacture... 


Laboratory Chemicals 
G Reagents 


of a wide range under rigid 


control and expert supervision 
to ensure guaranteed standari 


& reliability. 


A selection from our range : 


*Acetone *Carbon Tetrachloride 
“Alcohol Methyl *Lead Acetate 

*Liquor Ammon Fort 
*Remedicts’ Solution *Magnesium Sulphate XL 
*Benzene *Xylol 


THE CALCUTTA CHEMICAL CO., LTD. 
’ HEAD OFFICE: 35, Panditia Road, Calcutta 29. 


BRANCH OFFICES & DEPOTS AT: 
Delhi, Madras, Bombay, Bangalore, Vizag, Ranchi, Nagpur, Jamshedpur, Patna, 
Bilaspur, Bhagalpur, Madhupur, Asansol, Siliguri. 
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Production of Sulphuric Acid 
is an unfailing index 
of a country’s industrial 
ALREADY INSTALLED OR UNDER INSTALLATION BY THEM, independence. 


There has been a threefold 


TH —E. ACI D TEST rise in the production of 
this key chemical in India 
in the last seven years, 
and with this rise is 
associated the name of 
Simon-Carves. 


The total capacity of 
Simon-Carves acid plants 
already commissioned is 
more than half the entire 
acid production 

of India in 1958. 


The world-wide experience 
of Simon-Carves in 
designing, engineering and 
constructing Sulphuric 
Acid plants, is at the 
service of India. 


SIMON\ 


Simon-Carves Ltd > 


Incorporated in England The liability of the members is limited. 
32 Dalhousie Square South, Calcutta-1 


PLANTS INSTALLEO 
OR UNDER INSTALLATION 


REPEAT ORDERS ® 


Qn 


Zo BA 


XIV 


p.K.B 
B, C. 
P.C.G 
| P.B. 

Cua 
Di 
B.C. Gi 


PRESIDENT : 


K, VENKATARAMAN, 


p,K. Bosz, D.Sc., F.N.L. 


B, C. Guna, D.Sc., Pa.D., F.N.I. 
P. GuHA, D.Sc., F.N.I. 


B. N. GaosH, D.Sc., F.N.I. 
P. B. SARKAR, Dr.ks.Sc., F.N.I, 


HONY. SECRETARY : 


M. M. CHAKRABARTY, M.Sc., PH.D. 


J. C. BARDHAN, D.Sc. 

A. K. BHATTACHARYA, D.Sc., F.R.I.C. 
Mrs. ASHIMA CHATTERJEE, D.Sc. 

B, CHATTERJEE, D.Sc. 

A.C. D.Sc., Dr. ING. 

R. D. Desat, D.Sc. F.R.I.C., F.I.1.Sc., 


U. P. Basu, D.Sc., F.N.I. 
Mrs. A. CHATTERJEE, D.Sc. 
B, CHATTERJEE, D.Sc. 
P.C. Durra, D.Sc. 

B.C. Guna, D.Sc., P#.D., 
S. Jost, D.Sc., F.N.I 
R, P. Mirra, D.Sc.,F.N. 


F.N.I. 
I. 


Asst. SECRETARY: 
K. L. Muxuerjes, M.Sc. 


N. R. Doar, D.Sc., Dr.gs.Sc., F.R.I.C., F.N-I- 


D.Sc.; F -N.I. 


VICE-PRESIDENTS : 
( who have filled the office of President |) 


J. N. D.Sc., 


-A.S.B., F.N. 
Marta Prasab, D.Sc., F.R.I.C., F.N.I. 
J. N. Ray, O.B.E., D.Sc., F.R.I.C., F.N.I. 
P. Ray, M.A., F.N.I. 
B. K. Sinca, Sc.D., F.R.I.C., F.N.I. 


VICE-PRESIDENTS : 


V. SuBRAHMANYAN, D.Sc., F.R.I.C., F.N.I. 
V. M. Buave, M.Sc., Ph.D., A.R.I.C. 
President of Bombay Branch (ex-officio). 


HONY. TREASURER : 
D, CHAKRAVARTI, D.Sc., F.N.I. 


MEMBERS OF THE COUNCIL : 


J. Gupra, D.Sc. 
S. M. Menta, B.A., M.Sc., 


T. N. Menta, M.Sc., Pa.D. 
R. P. Mirra, D.Sc., F.N.I. 
S. N. Moxuerjee, D.Sc. 


F.A.Sc., F.N.I. P. V. Narr, M.Sc., D.Pat. 
K.$. G. Doss, D.Sc., F.N.I., F. R.LC. B. Prasap, D.Sc., F.N.I. 
F. Inst. P. | R. C. SHAH, M.Sc., F.N.I., A.LLSc. 
M. 0. Faroog, M.Sc., Ph.D. B. S. SRIKANTAN, D.Sc. 
T.N. Guosn, D.Sc., F.N.I. S. H. M.A., Ph.D. 
HONY, EDITORS]: 


D. K. Banerjee, D.Sc. 
A. N. Kappanna, D.Sc. 


BOARD OF ASSOCIATE EDITORS : 


Ss. MUKHEBRJI, D.Sc., F.N.I. 

Ss. N , MUKHERJEE, D. Sc. 

P. Ray, M.A., F.N.I. 

Ss. P. RAYCHAUDHOURI, D.Sc., Pu.D., F.N.L, 
F.R.LC, 


S. H. ZAHEER, Pu. 


HONY. AUDITORS : 


P. C. Nanp, M.A., B.Sc., A.C.A-R.A. 
A. B. Gupta, B.Sc., L.L.B., 


A-C.A.R.A. 


Asst. Eprror: 
G. Banerjee, M.Sc 


iad 
P. B. Sarkar, Dr.es. Sc., F.N.I. 


Regtd. No. C1878 


DIFCO 


DEHYDRATED CULTURE MEDIA 
For Examination of Water and Sewage 
For Examination of Dairy and other products 
For Cultivation of Pathogenic Micro-organisms 


INGREDIENTS OF CULTURE MEDIA 
Peptones, Enzymatic Hydrolysates, Acid Hydrolysates, Amino-Acids, 
Extracts, Enrichments, Enzymes, Bile Products, Dehydrated Meats 
for Infusions, Solidifying Agents, Carbohydrates, Polyhydric Alcohols 
and Glucosides, Dyes and Indicators, Biochemicals, etc. 


TISSUE CULTURE MEDIA REAGENTS 


Serological reagents for diagnosis of syphilis 
Diagnostic reagents 


Manufactured by: 
DIFCO INC., U.S.A 


SOLE AGENTS IN INDIA: 


GORDHANDAS DESAI PRIVATE LTD. 


PHEROZESHAH MEHTA ROAD, BOMBAY-1 
Branches : 
P-7 Mission Row Extension, 4/2B, Asaf Ali Road, 22, Linghi Chetty Street, 
CALCUTTA 1. NEW DELHI. MADRAS 1. 
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